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Honorary Members, 


{ 


. * It • ♦ ‘ 

Past Recorders 'ivho- arc either Ofdlna»v ' 
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Mr. 1 ). Sea .. . ( Honorary Members* 

Mr. N. Dutta-Majumclar 
Dr. H. D, Sankalin ,• f 

9 , Medical aud Veterinarsr Science.v- 

H^Dr, G. D. Bhalcrat) .. .. Convener. 

Dr. S. K. Basil j .. Recorder. 

Dr. Anin Gangiili ♦ j • .. Sectional Correspondent 

Prof. B. N, Prasad , ^ .. Local Sectional Secretary* 

“ Dr. J, C. Ray ^ ... \ , 

Dr. C. R. Das Gupta hheted Members. 

Sir R. N. Chopra . p 
Lt.-Col. S. S. Sokhey 
*Mr. A. C. Ukil 
i-Dr. C. G. Pandit .. 

Prof. K. V. Krislman 
Dr. S. W. Hardikar ,. ,, 

RaiBahadur K. N. Bagchi >« 

*Pro£. G. Panja 
Dr. M. B. Soparkar .. ,, 

Dr. Phanindranath Brahmachari 

Mr. M. R. Mahajan .. Recorders voho are either Ordinary cr 

Sankaran *. Honorary Members* 

' Mr. D. V. S. Reddy .. ' 

Dr, M. V. Radhakrishna Rao •« 

10 . Agricultural Sciences— 

Rai Bahadur Kalidas Sawhney •« Convener. 

Dr. R. S. Vasudeva «« ,, Recorder. , i 

Dr, Hiran C. Chaudhuri Sectional Correspondent, 

Mr. B, N. Sinha •« i,^ Local Sectional Secretary. 

Dr. B. P. Pal .. I 

Dr, B, T. Narayana .. Elected Members. 

Sir T. S. Venkataramau 

Sir T. Vijayaraghavacharya .. . , , 

Prof. M, Afzal Hussain .. 

Mr. A. K, Y. Narayan Aiyer •* 

Dr. B. Viswanath 

Rao Sahib T. V. Ramakrishna Ayyar ! • 

Prof. Jai Chand Luthra .. n ^ 

Mr. K. Ramiah * Presidents tvho, are cither Ordinary or 

, , Dr. Nazir Ahmad , ]] l Honorary Members. 

Rao Bahadur Y. Ramchandra Rao ! 

Dr. D. V, Bal ’ 

, Prof. N. V. Joshi .. .. I 

Rao Bahadur V, Ramanatha j 

Mr. N. L. Dutt .. ** ! 
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Dr. S. V. Desai .. 

..i 

Dr. A. N. Puri 

1 

Dr. C. N. Acharya .. 

1 

.. 1 .. ^ 

Di*. J. K. Basu 

.. h Pt/Ji'/ Rccardcrs tu/io are either Ordinary or 

Dr. T. V. Sukhalme ,. 

.. 1 Honorary Members, ' ' . * •' 

Dr. B. L. Chona .. 

1 

•. 1 

Dr, S. P. Ray Chaudliuri 

1 

.. j _ , 

j 1. -Pliysiolojy - 


'<"Dr. Bashir Ahmad .. 

.. Convener. . ■ ; ' 

Miss Kaiuala Bhagwat 

.. Recorder.^ ^ ^ ^ " 

Dr. N. N. Das 

.. Scitumal Correspondent. t 

Dr. M. Shah 

.. Local Sectional Secretary. • 

Dr. S. Banerjee 




Dr. M. C. Nath 

^ Elected Members. 

Prof. W. Burridge .. 

' ’ f 

Lt. Col, S. L. Bhatia 

.. 

Sir R. N. Chopra 


*Prof. N. M. Basu .. 


n)r. B. B. Dikshit .. 


Rau Bahadur B, T. Krishnan 

Past Presidents %eho arc either Ordinary or 

’*‘ProC.'Narayaua 

Honorary Members. ‘ ' 

*Prof. S. N. Mathur ; 


’•‘Dr. B. Mukerji 


Prof. P. De 

* • 

*Prof .S. A. Rahman . . 

• • j 

Mr, K. Milra 


K. P. Basu 


Mr. B. Cliatterfi . , . 

. Past Recorders zoho are cither Ordinary cr 

Prof. Khem Singh Gr^wal 

Honorary Members. , ■*. .. » 

Mr. M. t. Chatterjee 

, ' , * ' • • * 

Prof. G. k. Ghosh ... 

* J ' '" r ' 

l2. Psychology andjBducational Science— - 

Dr. 2 akir Husain 

.. ■ Convener. ’ ‘ 

Prof. T. k.‘N. Menon 

.. Recorder. 

‘•‘Mr. D. Ganguly 


Prof. H. P. Maih .* 


Mrs. S» K. Chatterjee 

■"S' '.,:r * - 

' * 1 ajected Mcinhcrs. 

Mrs. S. Deb 


%Ir. N. S. N. Sastry .. 


Prof. G. S. Bose 


Dr. S, C. Mitra ,* 

. t ' . 

Mr. J. M. Sen 


Mr. K. C. Mukherji .. 


Prof. H. P. Haiti .. 


*D.r. I. Latif 

.. Past Presidents zoho' dr6 cither Ordinary or 

••‘Dr. a Pal 

Honorary Members, 
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Prof. B. L. Atrcya .. .. 

Sir John Sargent .. .. 

♦Dr. B. Kupuswamy .. .. 

♦Dr. Indra Sen .. .. 1 

Mr. P. S. Naidu .. *. j 

Mr. S. K. Bose .. .* \ 

Mr. S. Sinlia .. •. V Past Recorders zvho are either Ordinary » 

Mr. Pars Rum .. ^ Honorary Members, 


S* Eng neering and MetaHvrgy— 

♦Mr. N. Sen .« Convener, 

Prof. M. Sen Gupta .. .. Recorder, 

Mr. J. Ganguly 
Mr. Bliagwat Prasad 
Mr. G. C. Mitter 


♦Dr. A. H. Pandya .. 

Mr. N. V. Modak .. 

Sir Jeliangir Gliaiidy 
Rai Bahadur A. N. Kliosla 
Mr. H. P. Kutar .. 

Mr. H. P. Kutar 
Mr. H. P. Bhauniik .. 

Prof. H. L. Roy .. 

Dr. S. K. Sircar .. 



Honor^ary Members, 


* * ) Past Recorders •veho are either Ordinary <; 
Hononary Members, 


Sub‘Committce on Science and Its Social Relations, 

1-4. President, two General Secretaries and Treasurer (ex-offici). 
5-17. Sectional Presidents of 13 Sections. * - 


18. Prof. K. Banerjce (Calcutta), 
ig. Mr. A, N. Basu (Calcutta). 

20. Dr. Gilbert Fowler (Bangalore). 

21, Prof. D. D. Kasambi (Bombay). 
22* Mr. P, H. Kutar (Jamshedpur). 
2j. Dr. H, K, Mitra (Jamshedpur). 

24. Dr. K* Motwani (Karachi). 


25. Dr. B. Mukerji (Calcutta). 

26. ‘Prof, M. N. Saha (Calcutta). 

27. Prof. Benoy Kumar Sarkaf (Cal.) 

28. Dr. W. D. West (Calcutta). 

29. Mr. A. C[‘Ukil (Calcutta), convener. 
\Q. Mr. D. N, Wadia (New Delhi). 

31. Dr. D. M. Sen (New Delhi). 

32. Prof. J. M. Sen (Calcutta). 


4. LOCAL RECEPTION COMMiTTfcE. 

PATROK 

ffis fixcelletiCy SH Jalmicks DaUlatrain, Governor of BiiiUf. 

OEAIBMAN 

Lt.-Col. Sit diantiresli\var Prasad Narayaii Siiigt, Kl., CJ.E., M.A.i Vicfe^Cliancdlof, 
Patna Uhivtoity. 

VICE-CHAIBMBN 

Tlife iioidbife Mr. Sri Krishna Sihktl; Priinfi Minister. 

The Moiibie Mf. Ahligrah h,&raj&h ^illhctj Minister of Ftoahcfe; Labour) fiupnly and 
Price Control, 
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t^art 1: Official Maticr^ 

The Hon’ble Dr. Saiyid Mahmud, Minister of DevelQpment. 

The Hon’ble..Mr.' Juglal Chowdhury, Minister of Excise and Public Health. 

The Hon'ble Air. Ram Charitar Singh, Minister of Irrigation, Public Plealth, 
Electrification and Legislature. 

The Hon’ble Air. Badri Nath Verma, Minister of Education and Information. 

The Hon’ble Mr. Krishna Ballabh Sahay, Minister of Revenue and Forest. 

The HoiVblc Mr. Benodanand Jha, Alinister of Local Self-Government and Medical 
Department. 

The Hon’ble Mr. Abdul Quab'um Ansari, Alinister of Public W'orks Department and 
Cottage Industries. 

Dr. Sir Saiyid Sultan, Ahmad, Kt., K.C.S.I. 

Dr. Sir Khaja Altihammad Noor Kt. 

Dr. Sachchidahanda Sinha, D. Litt., D.L. 

Sir J. J. Ghandy, Kt., C.I.E. 

Dewan Bahadur Radhai Krishna Jalan. 

Sliri S. P. Jain. 

Air, Alahabir Prasad, Barristcr-at-Law. 


LOCAL SECRETARIES 

Dr. B. Narayauu, ALSc., Al.B., Ph.D., F.R.S.E., F.N.I., Principal, P.W'. Alediail 
College, Patna. 

Dr. P. B. Ganguly, D.Sc., F.N.L, Principal, Science College, Patna. 


MEMBERS 

Mr. P. P. Agarvval, Al. Sc, (Luck.), B.A. Hons. (Cantab,), I.C.S. 

Air. Saiyid Alobarak Ali. 

Mr. N. Baksi, C.I.E., M.A., I.C.S. 

Dr, T. N, Banerji, C.I.E,, M.R.C.P. 

Air. M. S. Bhattacharyya. 

Major J. Curran, M.B., Ch.B. (n.u.l), D.T.M. & H. (k.uj-)* 

Prof. D. Chatterjee M.A. 

Dr. S. Chatterjee, M.B., D.P.H., D.T.M. 

Lt.,-Col A. N, Duggal. 

Prof. P. N. Das Gupta, Ph.D. (St. Andrews). 

Dr. Madhusudhan Das, M. B., M.R.C.P,, D.ALR.E. 

Prof. M. Q. Doja, B.Sc, (Pat.), B.A., (Cantab,), A.R.P.Si 
The Hon’ble Mr, Justice 3 . K. Das, I.C.S. 

Mr. P. R. Das, Barrister-at law. 

Dr. S. M. Ghosal, F. R.C.P. (Edin.), D.Ch. (Eng.), Al.R.C.P. (Lend.)* 

Dr, U. P. Gupta, M.R.C* 0 *G. 

Dr. A. K. Guha, B.Sc., M.B., B.S., TT.AL (Liv.), D.CL (Eng.), ALR^C.P. 
(Edim) 

Prof. L. A. N. Iyer, Ph.D. (London), D.I.C. 

Dr. G. K. Ghosh, Al.Sc, B.A., M.B. 

Rai Bahadur Dr. S. K. Ghosh Dastidar, MhR.C.P., D.T.Al. (Cal.) 

Dr. (Miss) M. P. John, M.R.C.O.G.- 

Dn IC. ft, KrishuaSwaitil, D.Sa, (Loud.) F.R.LC. 

Shree Rai Brij Raj Krishna, B.L. 

Air. Abdus Samad Khan, C.I.E:, ALSe., (Alanchester), I.E.S. (Retd.) i 
Prof. H. ft. Maiti, AI. A; 
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Mr. S. K. Mitra, Barrister-at-law. 
Dr. K. P. Mitra, M. B. 

Mrs. Ramola Nandi, M.A. 

Mr. Trilok Nath, B.A., l.P. 


Prof. N. S. Rao Nagendra Nath, Ph.D. (Cantiib). 

Lt.-CoI. D. P. Nath, M. B., Chi H. (Edin.)' 

Mr. H. K. Nivas, F. In.st. M.E., M.t.E. (India), I..S.E. 

Dr. J. S. Patel, B.Sc... M.Sc„. (Cantab.), Ph.D. (Ediu.), F.A.S.C. 
Prof. Lala Mnkun’d Murari Prasad, M.A. 

Mr. Raghunandan Pande, M.A. 

Mr. Rajkishore Prasad, M.A., B.L. 

Mr. Nageshwar Prasad, M.A., B.L, 


Mr. K. Prosad, O.B.E., B.A. (Cantab.) 

Mr. Mahabir Prasad, B.Sc., 

Mr. Jaideva Prasad, M.L.C., 

Dr. Sidlieshwar Prasad, M.B., B.Sc. 

Dr. Gaya Prasad, M.D., M.R.C.P., D.C.P. (Eng.). D.T.M. 
Dr. B. N. Prasad, M.Sc., M.B., Ph.D., if.R.S.E. 

Rai Bahadur N. Prasad, A.I.S.M., A.S.M.E. 

Dr. Sarju Prasad. 


(Liv.),« D.Ch. (Eng.), 


Shree Shastri Bhola Pas'.yan, M.L.A. 

Dr. Dukhan Ram, B.Sc,, M.C., D.L.O., D.O.M.S. (Loud). 

The Hon’ble Mr. Justice D. £. Reuben, I.C.S., Barristcr-at-law. 

Mr. A. C. Ray, B.Sc., B.L. .. 

Mr. B. N. Sarkar O.B.E. 

Mr. Baldeva Saliay, M.A., B.L. 

Rai Bahadur R. P. N. Sahi, B.A. 

Mr. Tribeni Prasad Singh, M.Sc., I.C.S. 

Dr. S. Samaddar, M.B., B.S. 

Kumar Ganganand Sinha. 

Mr. P. R. Sen, B.Sc., B.L. 

Mr. S. K. Sen, B.Sc., (Cal.), M.R.C.V.S. 

Mr, Gorakhnath Sinha, M.A., B.A. (Cantab.)' 

Mr. L. P. Singh, M.A., I.C.S. 

The Hon'ble Mr. Justice B. P. Sinha. 

Mr. T. P. Singh, B.A., I.C.S. 

Mr. Bijon Behari Sen, M.A. 

Mr. Sri Nafayan Sahay, Barrister*at law. 

Mr. Akhauri Sachchidanand, M.Sc., l.P. 

Dr, R. Saran, M. R.C.P. 


v"S (w 

Mr. Pandey Raniciiaris?*-« Saha3% M. A., B.L. 

Rai Bahadur Shyamtiandan Sahay, C.I.E., M.L.A. 

Mr. Phulan Prasad Verma, MA.., BX. 


thirty-fifth session. 

transaction :f^h^e"s 3 :rfic“^^^^ 

members and delegates who attended the Sesrion accomodation of the 
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6. LIST OF DELEGATES. 

FOREIGN 

UNITllD KINGDOM . 

(British Association for the Advancement of Science) 

Professor Alexander Findlay- 
AUSTRALIA 

Sir John Madsen (Chairman of the Australian Delegation). 

Sir Kerr Grant 
Prof. J. A. Prescott 
Mr. R. G. Thomas 

Mr. G. B. Gresford (Secretary to the delegation). 

USA. 

Dr. W. A. Shewhart, Statistician, Bell, Telephone Lahoratorics, New York. 
NORWAY 

Dr. Sverre Petterssen," Meteorologist, Oslo, Narway. 

MEXICO 

Dr. M. S. Vallarta, Physicist, Buenos Aii-es Mexico. 

BURMA 

Mr. U. Po. Tha. (Rangoon University). 

Mr. U. Saw Tun. fDepartment of Industries Govt, of Burma). 


Learned Societies. 


Calcutta Mathematical Society 

.. Prof. F. W. Levi. 

Prof. P. N. Das Gupt 

Prof. M. R. Sicldiciui. 

Prof. B. B. Sen. 

Mr. U. R. Burman. 

Entomological Society of India 

Dr. H. S. Pruthi, New Delhi. 

Dr. K. D. Baweja, New Delhi. 

Dr, K. B. Lai, Cawnpore. 

Indian Botanical Society 

.. Dr. A. C. Joshi, Delhi. 

Dr. P. Maheshwari, Dacca. 

Dr. S. N. Das Gupta, Lucknow. 
Prof. M. 0 . P. Iyengar, Madras. 
Prof. G. P. Majumdar, Calcutta. 
Prof. Shree Ranjan, Allahabad., 
f)r. R. L. Nirula, Nagpur. 

Prof. S. P. Agharkar, Bombay. 
Prof. Y. Bhardwaja, Benares. 

Dr. T. S. Sadasivan, New Delhi. 

Indian Chemical Society 

1 

Dr. S. Krishna, Dehra Dun. 

Dr. V. Subrahmanyan, Bangalore. 
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Indian Siatisfical Institute 

Sni. Chnmcli Bose. 

Sri N. T. Mathew. 

Sri P. Bancrjce. 

Sri S. N. Roy. 

Prof. K. N. Cliakravarti. 

Sri A. Das. 

Sri D. M. Ganguly. 

Sri. S. B. Sen. 

Institution of Engineers (India) 

Mr. H. P. Bhainnik. 

Mr. J, Datt. 

Mr. B. V. y^^h, 

Mr. P. V. S. Iyengar. 

Dr. K. C, Cliakko. 

Major D. L. Deshpande. 

National Institute of Sciences of India ., 

Sir S. S. Bhalnagar, Delhi. 

Royal Asiatic Society of Bengal 

Dr. W. D. We.st, Calcutta. 

Lt. Col, C. L. Jkisricha, Calcutta. 

National Council of Educaiioth Bengal 

Dr. ll L. Roy. 

Prof. S. N. Mookherjee, 

Dr. 1. N. Basu. 

Dr. S. Dd). 

UniyarsitUs. 

Allahabad University 

Prof. S. Ranjan. 

Prof. A. C, Danerji, 

Prof. N. R. Dhar. 

Dr. H. R. Mehra. 

Dr. B. N. Prasad. 

Andhra University ,, 

Prof, S. Bliagavantam. 

IVof. T. R. Sesliadri. 

Prof. C. Mahadevan. 
l^ao Sahel) C. J, Dasarao. 

].)r, T. Wnkalani.vudu. 

... 

Dr. M. Narasinga Rao 

Benares Hindu University . 

Prof. S, S. Joshi, 

Prof. Rajnath. 

Prof. B. Dasannacliarya. 

Prof. Y, Bharadwaja. 

Prof. A. B. Mi.sra. 

Prof. V. V. Narlikar. 

, 

Prof. II. L. Chhibber. 

Bombay University 

. Dr. K. G. Naik, Ahmedabacl. 
Dr. G. M. Nabar. Bombay. 

Calcutta University . • 

, Prof. M. N. Saba. 


Prof, P. Ray. 

Prof. I'l. K. Mookerji, 

Prof. B. C. Githa, 

Prof. B. B, Sarka' 

Mr.' N. N. De. ' ’ 

Mr, S. N. Roy. 
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Dacca Univ&siiy 


Lucknow University 


Madras Umvers^y 


Muslim University, Aligarh 
Mysore U^iiversity. 


Nagpur University 


PariJ.i Official Mailers 

Mr. P, K.-Basu.. 

Mr. H. K. Nandi, 

Mr, D. N. Ganguli, 

Mr. N. N. Chatterjee, 

.. Proi N. M. Basil. 

Dr„ S, R. Khaslgir, 

Dr. A. K, Diitt, 

Mr, Q, M, Hussain. 

Dr. Tarapada Banerjcc. 

Dr, H. N. De. 

Dr. P. Maheswari. 

Mr. Ashraful Haq. 

.. Mr. R. P. Agarwal. 

Mr. S. S. ■ Srivastava. ' 

Mr. B, S, Tewari. 

Dr. K C. Chatterjee. 

Dr. S, A. Faseeh. 

Dr. Ram Gopal 
Dr, P. N. Sharma, 

Dr. K. N. Bahl. 

Dr. A. B, Sen. 

Mr, L. N. Srivastava, 

Dr. B. P, Yadava. 

Mr. Kali Prasad. 

Mr. R. M, Lomba. 

Mr, Hakim Iftikliar Ali 
Dr. S. N. Mathur. 

Dr. Rant Ballabh. 

Dr. G. S. Varma. 

Dr. R. C. Misra. 

.. Dr. M,. Damodaran. 

Dr. R. Vaidyanathaswami. 

Dr. C. P. Gnanamutlm. 

Dr. George Kiiriyan. 

Dr. G. D. Boaz. 

Sri T. V. Dcsikachari. 

Sri L. A. Krishna Iyer. 

Sri D. V. Rajalakshman. 

Dr. M. Oamr F^rooq. 

, Dr. Mohd. Afzal Husain Qadri. 

.. ., Mr, K. Subramanyam, Bangalore. 

Dr. N. S. Narayana Sastri, Mysore 
Mr. M. Abdul Hafeez, Mysore. 

Mr. S. Siddappa, Bangalpre. 

Mr. R. N. Nanjundappa, Bangalore. 
Mr. K. Narayan, Bangalore. 

Mr. G. V. Asolkir. 

Dw A; N. Kappanna. 

Mr. A. Gopal Krishna. 

Mr. K, S’ripada Rao. 

Dr. M. C. Nath. 

Pr, R, L, Nirnbt 


I.S.C I 3 
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Travancore Umversity »• ., Rajyasevapravina Dr. K. A. Mouclgii 

Dr. H. Subramonia Aiyar. 

Dr. U. Sivaraman Nair. 

Mr. T. R. M. Lawrie. 

Dr. C. S. Vcnkclcswaran. 

Mr. T. K. Koshy. 

Mr. lllycrah Joseph. 

Mr. C. V. Kuricn, 

Mr. R. Vclayiulhan Nair, 

Dr. C. C. John. 

Mr, ?. G, Nilakanla Pillal 
Mr, Srimulanathan. 

Utkal University, .. .. .. Dr. P. Parija, Ciiltack. 

BBSBABOH INSTITUTIONS AND COLLEOES 

Carmichael Medical College, Calcutta .. Mr, S, K, Sen. 

Mr, Sambluinalh Mukherjcc. 

Forest Research Institute & College, Dchra Dm Dr, K. D, Bagchce. 

Dr. S. V, Jhmtambekar. 

Dr. K. A, Chowdliury. 

Dr. D. Narayanamurti. 

Dr. A. Purshotam. 

Mr. M. B. Raizacla, 

Government of India, Delhi Polytechnic .. Mr. S. C. Sen. 

Dr. T. N. Mehta. 

Fuel Research Institute, Dhanhad, .. Dr. J. W. Whilakar, 

Dr. A, Lahiri* 

Scientific Research Committee, UP, Allahabad Dr, Salya Prakash, Allahabad. 

GOVERNMENT OP INDIA, PROVINCIAL GOVERNMENTS AND STATE 

Anihropdogical Survey of India, (Govt, of Mr. A. K, Milra, 

India), Benares, .. .. ,, Mr. B. C, Gohaiu, 

Government of India, Office of the Director^ 

General of Archaeology .. ,, Mr. A, Gho.sh, Patna, 

Mr. J. H. S. Weddmglon, Calcutta, 
Dr. S, Paramasivan, Tanjore. 

Mr. B. B. Lall, New Delhi. 

Government of India, Ministry of Education .. Dr. P, D. Shukla, New Dellii. 

Dr. S. R. Sen Gupta, New Delhi. 
Dr. N. P. Mukherjee, New Delhi, 

Government of India, Ministry of Food .. Dr, D. V, Karmakar, New Delhi. 

Government of India, Office of the Director- Dr. K. C, K. E. Raja., New Dcllii. 
General of Health Services Dr, B, Mukerji, Calcutta. 
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Covernment of India, Office of the Chief 
Superintendent Technical Development 
Establishment Instrument and Electronic). 
Dehra Dun. 


Government of United Provinces, Department 
of Economics and Statistics .. 

Government of United Provinces, Finger Print 
Bureau and Scientific Section, C.LD. .. 

Government of Assam, Office of the Director 
of Agriculture, Shillong 

Government of India, Office of the Director- 
of Industries, Shillong 

Gioalior Government, Department of Industries, 
Commerce and Communications 

laipiir Government, Development Mmisry 

Jaipur Government, Department of Statistics 

Government oj Jodhpur, Director of Education 

Rewa State, Office of the Secretary, Local 
Self-Government, Rewa 

Office of the Superintendent of Education, 
Delhi, Ajmer-Merwara and Central India, 
Delhi .. *. 4« 4 4 


Dr, K. Milra, New Dellii. 

Dr. C, S. Rao, Dehra Dun. 

Mr. R. K. Tandan, Dehra Dun. 

Mr. J. K. Pande, Lucknow. 

Mr. S. R. Gupta, Allahabad. 

Dr. S. K. Talapatra, Gauhati. 

Sri. 1 . N. Hazarika, Jorhal. 

Mr. V. D. Jawalikar, Gualior. 
Mr. D. M. Bhandaii, Jaipur. 
Mr. H. C. Kolliari, Jaipur. 

Dr. K. N. Kini, Jodhimr. 

Mr. Gopal Prasad Kharc, Rewa. 


Dr. A. N. Banerji, Delhi. 


COMMEBOIAL BODIES 


Indian Mining Federation, Calcutta .. Sri D. D. Thacker, Jharia. 

Sri P. Basu, Calcutta. 

Sri B. N. Banerjee, Calcutta. 

Sri Narendra Singh Singhee, Calcutta. 


*7. PROGRAMME OF THE SESSION 

The thirty-fifth session of the In^an Science Congress was held at Patna under 
the auspices of the Patna University from January 2 to 8, 1948. 

The inaugural meeting was held on Friday, January 2, 1948 at 2 P.M. in a pandal 
especially erected for the purpose in at the University grounds, Patna, in the presence of 
a large number of delegates, members and visitors. Foreign scieujLists from Australia, 
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American, and England were also present. After Vandemalaram song, Lt. Col; Sir* Ct 
P, N. Singh, Kt., M*A., C.I.E., M.L.A., Vice-Chancellor, University of Patna as Chair¬ 
man of the Local Reception Committee welcomed the delegates, members and visitors and 
requested His Excellency Shri Jairamdas Daulatram, the Governor of Bihar and Chancell¬ 
or of the Patna University, to open the Session of the Congress. After His Excellency 
had opened the proceedings of the Session, Prof. P. C. Mahalanobis, one of the General 
Secretaries of the Indian Science Congress, introduced Prof. Alexander Findlay (Eng¬ 
land), Dr. W. A. Shewhart (U.S.A.) and members of the Australian delegation,: Sir John 
Madsen (Chairman of the delegation), Sir Kerr Grant, JtVof. j. A. Prescott, Mr. R, G. 
Thomas and Mr. G. B. Gresford (Secretary to the delegation). Prof. Mahalanobis stated 
that Dr. S. Petterssen, Norweigian Meteorologist and Dr. M. S. Vallarta, a Mexican 
Physicist could not attend the inauguration of the session since they could not reach Paths^ 
by plane though they had arrived in Calcutta. He then announced that greetings f.roi:p 
Canada and British Association for the Advancement of Science had been received. He 
also said that the Australian delegation headed by Sir John Madsen brought the good 
wishes of Australian Scientists and Universities for the success of tlje session and progress 
of science in India* 

Dr. P. B. Ganguly, Principal, Science College, Patna and one of the Local Secretaries, 
read out messages from Pandit Jwaharlal Nehru who regretted that he could not attend 
tlie Congress but he extended his personal and the Central Government's greetings to 
Scientists who had gathered at Patna for the session of the Congress from all corners 
of India and otlflS* parts of the world. Messages were also read from Ba Sein from 
Burma, Sir J. C. Ghosh, Sir S. S. Bhatnagar, Dr. Jivaraj Mehta and others who could 
not attend the session due to illness, sent a message of goodwill from his sick bed. 

In tlie absence of Sir Ram Nath Chopx-a, Sir C. V. Raman, a senior past-P resident 
of tlie Congress was. requested to deputise for him who then read out certain portions 
from the Presidential Address of Col, Sir Ram Natlt Chopra. 

The PRESIDENTIAL ADDRESS of the Sections were delivered as follows:— 

Saturday, January 3: 10-30A.M., Statistics; ii A.M., Physics; 11-30 A.M., Agricul¬ 
tural Sciences; 12 A.M., Psychology and Educational Science. 

Monday^ January 5/* 10 A.k., Physiology; 10-30 A.M., Engineering and Metallurgy; 
n, A.l^ G^ok>^ Geography!' ^^"30 A.M., Botany; 12 A.M., Chemistry. 

Tuesday, January 6\ 10 A.M., Mathematics; n A.M., Antliropology and Archseology; 
X2 AM., Medical and Veterinary Sciences. 

Wednesday, Jamary yi 10 A.M., Zoology and Entomology. 

DISCUSSIONS 

Smrdayi hnuary ji it A.M. to 1 P.M. and 4 P.M. it s-^30 P.M. 

Sectioi^ 

i. The forecast of crop yields frotn Statistics jointly with Agricultural 

the study of weather corditions .. Sciences. 

Food and World Population Organised by the Sub-Committee on 

Science and its Social Relations. 

Monday, January 31 ip A.M. to 1-30. P;M. 

3. Upper Air .. .. Physics. 

4 Quality Control in Industrial Output Engineering and Metallurgy jointly with 

Statistic** 
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tuisdayj January 6 : lo A.M. to i P.M. and 2 P.M. to 3-30 P.M* 

$. Psychological Service in Schools .. Psychology and Educational Science. 

6. Recent advances on the cause and Physiology jointly with Medical and 

treatment o£ diabetes .. .. Veterinary Sciences and Chemistry. 

7. Planning of National Health Statistics jointly with Medical and 

Surveys .. .. Veterinary Sciences. 

8. Role of. Electronics in Modern 

Engineering Practice .. .. Engineering and Metallurgy. 

Wednesday, January 7: 10 A.M. to i P.M. 

9. Phj^siological Basis of Health and Physiology jointly with Medical and Vcteri- 

Longevity .. .. nary Sciences. 

MEETINGS OF COMMITTEES 

Council met on January i at 3-30 P.M. and again on January 3 at 7“30 P.M. 

Executive Committee met on January i at 2-30 P.M. and again on January 3 at 7 P.M. 
md on January 5 at 2 P.M. 

Sub-Committee on Science and its Social Relations met on January 2 at li A.M. 
Sectional Committees met on January 3, 5, 6 and 7 at 9-30 A.M. 

General Committee met on January 5 at 2-30 P.M. 

SOCIAL FUNCTIONS 

January 2\ 'At Home' by Maharajadhiraj of Darbhanga at 4'*30 P.M. in titc Sci’erice 
College Grounds. 

January 3. ‘At Home’ by the Vice-Chancellor and Members of the Patna University 
at 4-30 P.M. in the Science College Grounds. 

January 5: ‘At Home’ by Dewan Bahadur Radha Krishna Jalan at 4 P.M. in the 
Quilla House, Patna City. 

January 6: Variety Entertainment at 8-45 P.M. in the Lady Stephenson Hall. 

January 7: Cinema show at 8 P.M. in the Physics Lecture Theatre, Science College. 

popular LECTURES 

January 

‘Possibilities of Research in the Chemistry of the sensation of tests and smell’ 
by Sir C4 V. Raman, Bangalore* 

‘Atomic Age’ by Prof. M. N. Saha^ Palit Professor of Physics, Calcutta 
University* 

January 3: 

‘Infra-red Spectrum’ by Sir C. V. Raman, Bangalore* 

January 5: 

‘Quality control in Industry’ by Dr. W. A* Shewhart, Statistician, Bell Telephone 
Laboratories, U* S. A. 

‘Story of Diamond’ by Sir C. V, Raman, Bangalore. 

JahiUiry 61 

‘Science and the Community' by Prof. Alexandar Findlay, Emeritus Frdfessoi^; of 
Chemistry, University of Aberdeen and past President of the Royal Institute of 
Chemistry, London* 
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January 7: 

*Land of the Midnight Sun ’by Dr. Sverre Peterssen of the Norwegian Meteoro¬ 
logical Service, Oslo (Norway). 

“Cosmic Rays” by Prof. M. S. Vallarla, Professor of Physics, University of 
Mexico, Buenos Aires. 

WHOLEDAY EXCURSIONS 
Rajgir, Nalanda and Gaya, 

January 4: 

January 8: 

Dalmiaiiagar. 

LOCAL EXCURSIONS 

January 7 : 

Batanagar, Hindusthan Bicycle Factory and Patna School of Arts. 

ANNUAL MEETINGS OF LEARNED SOCIETIES 

January 1 : 

1. The National Institute of Sciences of India. 

2. Institution of Chemists (India), 

3. Society of Biological Chemists (India). 

4. All-India Nutrition Board. 

5. Indian Society of Soil Science. 

6. Indian Ecological Society. 

7. Association of Microbiologists of India. 

8 . Indian Society of Genetics and Plant breeding. 

9. Entomological Society of India. 

10. Indian Phytopathological Society. 

11. Royal Institute of Chemistry of Great Britain and Ireland (Indian Section). 

12. Indian Chemical Society. 

13. Indian Ceramic Society. 

14. Physiological Society of India. 

13. Museum Association of India, 

16. Indian Botanical Society. 

17. Indian Physical Society. 

18. Indian Psychological Association. 

19. Indian Zoological Society. 

20. Institution of Engineers (India). 

Jarmry 2: 

21. Indian Psychiatric Society. 

22. Inaugural Meeting of the Institute of Puel* London (Indian Srancii)i 

23. Indian Pharmaceutical Association. 

24. Association of Indian Geographers. 

•January 4: ' 

25. Association of Scientific Workers. 


8. OPENING PROCEEDINGS 

Lt; Col. Sir Chandreshvar P. N. Singh, Vice-Chancellor of the University of Patna 
iind Chairman of the Reception Committee delivered the following welcome address on 
■January 2, 1948. 
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Welcome Address:-^ 

Your Eiccellency, President & Members of the Indian Science Congress, Ladies & 
Gentremen, 

On behalf of the University of Patna and the people of Bihar, it gives me very 
great pleasure indeed to welcome you, members of the Indian Science Congress, Delegates, 
Guests and visitors, to this ancient city of Pataliputra. To our infinite regret, and to his 
own, Pandit Jwaharlal Nehru has not found it possible to leave Delhi where urgent 
affairs of State demand him, and his visit to Patna had, therefore, to be cancelled almost 
at the last moment. We shall miss his inspiring presence and guidance; for the Indian 
Science Congress is dear to him, as it should be, for in this twentieth century it is to 
men of science and to men imbued with the scientific spirit that Man turns for guidance 
in the building up of a brave new world. 

The province to which I welcome you all has a rich and a hoary past. Associated 
with the hallowed name of the Buddha, of Chandragupta and Asoka, Magadha in ancient 
times was also famous for its men of science and of learning. At Nalanda, not far 
from here, was one of the most famous Universities of olden times, where seekers after 
truth and knowledge fore-gathered at the feet of Sages and Savants. From the ends 
of a far-flung empire, across the Hindu Kush and the Himalayas, came pilgrims to the 
land of the Buddha, and scholars to the ashramas of Sheelbhadra and Nagarjuna, 
Science, even material science as it is sometimes erroneously called, flourished at Nalanda, 
where knowledge was sought both a s a means and as an end. 

The past has an attraction all the greater to a nation which cannot bear to contem¬ 
plate the present; but pre-occupation with the past, however glorious, becomes as escape 
and a snare. A glorious past should be an incentive to action, to progress towards the 
realization of a future, equally glorious, if not more. The past is beyond recall, the 
future is in our hands. In the world of to-day, we have to apply ourselves to the study 
of physical and natural sciences with much greater energy and earnestness than hitherto. 
I am convinced that the keenness and subtlety of the Indian intellect, which, made India 
the chosen home of wisdom and learning, will once again take her to the van of those 
nations which are now justly regarded as leaders in the evolution of Humanity, This 
great task, a task which once clearly recognised cannot possibly be declined, devolves 
on our universities, and on our scientific societies, and on the Indian Science Congress 
Association in particular. 

We are living to-day in a world that threatens to brush aside reason and intelligence. 
Two great wars and the prospect of more; a majority of the population of the earth 
caught in the eddy of destruction; years of disappointment and dejection, millions every¬ 
where without food, clothing and shelter; a confusion over issues and values which 
leaves men frustrated and uncertain is it any wonder that Man seeks expedients that 
Force provides, rather than the guidance that reason gives? The chief temptation is 
that force seems to provide such an easy answer. It appears to cut through complexity 
and confusion, without the severe intellectual effort iand discipline necessary for any 
effective alternative. The tragedy is not that so many men in the world believe in force 
as a method of social organization, but that so many who reject force as an ideal actually 
surrender to it in practice; some consciously, as an expedient, many unconsciously; the 
many, while offering lip-homage to the processes of reason, are led by lack of well- 
directed effort to. yield to advance pickets that, under a comoiiflage, force always employs 
to gain its ends. Catchwords, propaganda and slogans play upon man's emotion' and pre¬ 
judice, and appeal to his baser instincts of partnership and acquisitiveness. Force 
triumphs, and appears to be the only solution. In the end, force, however, always defeats 
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itself. In the long run it solves nothing and answers nothing It brings us no nearer 
to the prospect of a happy society, free from pain, passion and guilt, which science and 
culture reveal. If the world of the future is to be a more promising habitation for 
mankind it will only be as the result of persistent application, not of force, but of intelli- 
gence and reason against what now thwart mankind. Science lias shrunk this world of 
ours and created a society so inter-dependent that the issues are no longer simple, indi¬ 
vidual, local or even national; they are complex, world-wide and beyond all past human 
experience. Peace and security, money and credit, fiscal policy, international relations, 
international trade and finance, national income and its distribution, wages, profits, prices, 
monopoly, purchasing power, savings and investment, employment and uncmplo3mient, 
social security, collective bargaining, housing and sanitation, public opinion, i)ublic ad¬ 
ministration,the relations; between the State, industry and business, individual and adv 
justment, crime, social welfare, education, population, social justice in an interdependent 
society—this is a brief list of some of the urgent problems which face us to-day. Atom 
bombs cannot hope to solve such problems as these. 

As the only effective alternative to rule by force, we have to make the hard choice 
that calls for vigorous intellectual effort to define and analyse llie fundamental issues; 
these issues, unless narrowed down or defined by objective analysis, would freeze iritb 
ideologies, and thus shift from an intellectual to a purely emotional basis. In place of. 
a creative struggle of facts and issues, conflict degenerates into a mere fight for power. 
If, however, by objective and scientific study, the issues arc more precisely defined and 
the facts more exactly known, the conflicting views which might still remain can be 
more readily resolved, given a reasonable amount of good will. We cannot hope for 
adequate clarification of the economic and ethical questions of lo-day until these issues 
are examined by the scientific method. The simple and antiquated technique and method 
of yesterday will not suffice. Highly specialized and complex methods are required. 
In the words of Lord Stamp: ''Any truth is many-sided, even simple truth. But the 
complex truth of to-day needs approach by many different methods and by many diflereut 
types of mind before we can arrive at even an approximation to the truth.” 

The simple fundiamental truth that man has to live, and to live he needs food, 
clothing, shelter and an overall security, presents a problem that the modern world has 
not yet been able to solve. It may be that the solution has eluded us, because it has hm 
sought for the benefit of a particular group of men—call it by whatever name you will, 
class, community, ox; nation,—and not for the benefit of man in general all the world 
over., It may also be that the solution has been found, but has lo.st its efficacy in the 
use made of it, and the quest has to begin once again. The crucial problem, therefore, 
facing the scientist of to-day is the use to which science and the technological processes 
perfected by science are put by those who have the power to use them. Truths dis¬ 
covered in the laboratory are either commercialized or militarized; to take one single 
instance of the latter—the use made of whatever knowledge of atomic structure we have 
been able to gain so far. From the time of the alchemists, the natural philosopher has 
tried to probe into matter of which our physical universe is made, in order to discover 
the nature of its smallest parts and n. The alchemisfs dream 

of transmutation lias now been partially realized. Since the turn of the present century 
a .flood of li^t lias been thrown on the nature of atomic structure. Nearly two and 
a half decades ago the inner citadel of this universe was successfully attacked by shooting 
into tlie atom small projectiles of such high speed that they disrupt the internal patfem 
From a study of the erupted fragments, of the rnutilated remainder and of the battered 
projectile, new knowledge was obtained of atomic 'structure. The only practical applies 
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tion which unfortunately has till now been made of the enormous energj^ liberated by 
the fission of atoms has been in the making of the atom bomb, one of the most terrible 
weapons of destruction devised in modern times. 

It is just this misuse of science by power-ntad politicians and rulers of men that has 
exposed since to-day to sharp attack. The growing realization that science can be 
and has been used for man’s enslavement and destruction has given rise to bitter ques¬ 
tions and charges; and we read to-day of “civilization betrayed by science,” and of “a 
degraded science that shirks the spiritual issues and hypnotizes its victims with its millions 
of gadgets.” This has arisen, of course, because science as a technique for the under¬ 
standing of nature is also a technique for gaining power, and power can be used by evil 
men to do evil, even more obviously and dramatically than it can ixj used by good men 
to do good. 

The possibility of misuse, hovrever, is not an argument for no use at all, and at 
present, when men’s minds are swayed by emo'tion rather than by reason, the intellectual 
and moral progress of man can be best ensured by inculcating the scientific spirit which, 
in Einstein’s words, may be defitied as “scrupulous correctness and internal logical 
coherence.” 

In India to-day, after centuries of political subjugation and the consequent intellectual 
stagnation, the spirit and service of science are sorely needed. The Indian intellect, 
generally believed to be more assimilative than critical, with its “inherited traditions 
of thought,” its dreamy and mystic imaginativeness, needs the severe discipline of the 
scientific spirit. It is true that as Man approaches the frontiers of knowledge, he needs 
as Plank pointed out, “imaginative vision and faith,” in order to be able to proceed fur¬ 
ther and still further. But at all stages, he must also have, again in Planck’s words, “the 
constructive quality of mind which builds up by a process of elimination and choice.” It 
is this constructive quality of mind that India sorely needs to-day, to supplement its imagi¬ 
native faith and vision; and our education has to be so re-oriented that the scientific 
spirit of intellectual discipline filters to the masses, and pervades all strata of society. 

The Indian Science Congress Association, with its rich talent, can render national 
strvice of inestimable value if it can so remould our thought and habits of mind that we 
can emancipate ourselves from the dead weight of wornout traditions, of effete survivals 
of an unhealthy past. At the same time, it should also take special care tiiat the power 
that knowledge brings is not used and exploited in the interest of a few and to the 
detriment of the many. They must not “permit themselves to become the conscious 
or unconscious, instruments of militarists, imperialists and a ruling oligarchy of capitalis¬ 
tic or governmental bosses.” They sliould link themselves up with scientists all the 
world over,—for science knows no national frontiers,—in a holy brotherhood, eacli 
member of which shall pledge himself that he sliall “use knowledge for the good of 
humanity and against the destructive forces of the. world and the ruthless intent of 
men.” We in India have a subtle distinction between wisdom (jmn) and knowledge 
(vidya) and between those who are qualified for knowledge {I"edadhikari) and those 
who are not. Wisdom alone can teach man how. to use the power that knowledge 
brings,, and acquisition of wisdom should be end of all knowledge. 

The time has come for an international body of scientists to control the release and 
distribution of scientific knowledge, specially such knowledge as may be used to perfect 
technological processes. The Indian Science Congress Association may easily become, 
under the guidance of Pt. Jwaharlal Nehru, the nuclcii.s of an international controlling 
agency of the kind contemplated. India has never been either aggressive or intolerant, 
and its humanistic civilization makes if a fit and proper custocji^vi^ pf knowledge and 
TS.C. I4 
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of wisdom. Its spiritual heritage, which even- now colours its outlook, will be ail 
effective safeguard against the impulse to conquer or to exploit weaker and defenceless 
nations. Thus, a brotherhood of humanists and scientists, working together for the 
welfare of humanity as a whole, might have its centre in India, whence, as from an 
inexhaustible fountain, knowledge will flow in fertilising channels all over the world, 
and India alone can prevent the knowledge acquired by deva frenn being nususod by 
danava, the militariwSt and the enslaver. Speaking before an assemblage of leaders of 
thought, gathered at Patna from practically all over the civilized wendd, I am encouraged 
to suggest that we should, here and now, resolve to found an international agency for 
the control and dissemination of scientific knowledge. In recent years we have had 
patterns of inlernalional agencies for the control, distribution and ti.se of material 
resources; is it such a utopian ideal to suggest an agency for the control and dislribuliou 
of the power to use these resources ? We have fortunately amongst us an eminent Indian, 
who is also a citizen of the world, who combines ardent patriotism with a rich warm 
humanism, whose broad international outlook makes him think in terms of entire man* 
kind—creation’s heir.’ • Scientist and scholar, statesman and administrator, to whom , 
else need we turn for guidance but to Pandit Jwaharlal Nehru? 

, Such an international agency is necessary now, for never before has the? skein of 
human relations been so tangled, or the course of cause and( clTcct so confused. The 
world-society of the twentieth century with its intricate web of interdependence presents 
a challenge to discipline intelligence such as no previous generation ever faced. At a 
time like this, for reason to surrender to bafflement, or for hope to lose itself in a 
panicky escape into passivity, is unthinkable. The race with confusion and complexity 
may be desparately close, but the spirit of Man will win, and his intelligence will and 
must succeed in finding correct answers to the urgent questions which confront him. 
'These answers do not rest solely with any one group of thinkers. Economists, political 
scientists and administrators must all collaborate, and so must chemist, physicists, and 
biologists. So must humanists—historians, philosophers, artists, poets, novelists, drama¬ 
tists—all those who fashion ideas, concepts and forms that give meaning and value to 
life, and .furnish patterns of conduct both individual and collective. Tl is all of them 
who really construct the world we live in, and it is they who mitli sensitive awareness 
to human perplexity and aspirations and wiUi the power of imaginative perception can 
speak to a* distracted world. We neel the light which more exact knowledge would 
bring, and I invite our scientists to hold aloft the torch. 

After the welcome address, Sir Chandreshvar P. Singh requested His Excellency 
Sri Jairamdas Daulatram, Governor of Bihar, to open the Thirty-Fifth Session of the 
Indian Science Congress. 

His Excellency the Governor of Bihar in declaring the Congress open delivered the 
following speech:— 

Mr. President & Fellow seekers of Truth 

As I face this great galaxy of brilliant scientists. I ask myself whether T have 
any right to, inaugurate a session of the Indian Science Congress, since I have had no 
closer contact with scientific studies than as a University student now many years ago, 
Ihope.it is not merely the high office I chance at present to hold which has led you tb 
call upon me to perform this inaugural function of your Congress. But I would fain 
believe that your caB is, due to your appreciation of the great movement for freedom 
which reaches its culmination on the 15th of August last and of which, I happen to be 
a representative, an imperfect one though, I know, It is in that light that I have int^r- 
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preled my part in to-day's function and hence regard it a privilege to inaugurate tliis 
session of India’s Congi'ess of Scientists. 

You have assembled here from the four corners of this great land of ours and 
some of you from distant places all over the world have also honoured this gathering by 
your distinguished presence. All have conic with the same great purpose. And that 
great purpose is to pool your knowledge, to expound and to learn, to gain the stimulus 
which contact with congenial spirits always gives, and to take with you at the end of your 
labours fresh enthusiasm for greater progress in human knowledge. 

And yet, I know, you do not want to pursue the path of knowledge merely for the 
sake of knowledge. Science is not and has never been an end in itself. Each step taken 
by man up the endless spiral of knowledge has been instinctively to fuliil some urgent 
need, to satisfy some compelling urge. 

A. great German scientist, addressing the Royal Academy of Science nearly a cen¬ 
tury ago, re-declarcd the truth that “the history of physical science teaches iis that our 
knowledge of things and of natural phenomena has, for its starting point the material 
and intellectual wants of man.” Science has always served and must ever serve the 
needs of man. That is not only its objective but it is also its origin. Directly or 
indirectly, consciously or unconsciously, tlie needs of man .are forcing his mind to probe 
more deeply, explore more widely into the never ending ierra incogniia of nature’s 
limitless domain, There is no such thing as the accidental discovery tjf the tree of 
knowledge or an equally accidental eating of its fruit. Man has sought knowledge 
stirred by a purpose and impelled by an urge to move forward which is imbedded in the 
very stuff of which this universe is made, whether inanimate or animate. 

In the dim distant past, millions of years ago, man developed the capacity to use 
products of nature to satisfy his physical needs. As these needs grew, his study and 
use of nature’s products and nature’s forces also progressed. The animal in manj yet- 
his. dominant feature, demanded at first the satisfaction of what the body required. 
Food for it, covering for it, shelter for it, adornmejit for it and other things for othejr 
needs of the body—^these all instinctively' guided man to the study of nature. Using 
and working on nature’s products, and understanding vaguely the laws which governed 
its mighty forces, the brain of man evolved info a wonderful instrument capable of 
rationalization and all forms of reasoning. Other higher mental processes also came 
within the achievement of man. With this evolution of the mind, its needs also grew 
and man began to discover new ways of satisfying those subtler needs. The intellectual 
wants of man led to the study of the mind itself and a whole series of new sciences 
appeared on the scene. But is this process to terminate with our progress in mental 
sciences? Can yoii ever stop the great wheel of endless motion? Is that motion to 
be confined to things of the body and mind? Arc these the only parts on a man’s 
personality which arc subject to dynamic change? Are there no dynamics of the spirit? 
May not the dialectics of the physical and the menial world hold true of other phases 
of human adyance? Is not mankind feeling the need of progress in the moral sphere? 

There is nothing that is static in this universe. There is no tiling that is really 
inert and fixed. All that is moves, has always moved, will always be on‘ the move* 
No feature of whatever can be sensed or inferred or intuitively realised by man is more 
characteristic than that everything that is, is in a state of continuous' motion, is in the , 
process of continuous change. The twinkling stars in the heavenly vault above, that 
light the human path in the desert and soothe the human spirit at night, though, seemingly 
stationary at their places in their respective constellations since the ages, are rushing 
and whirling at terrific speeds, for’which this grain of sand; we are pleased to^ call* 
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our earth, has no parallel. The perfect circle of the great orb which is daily creating, 
sustaining, destroying and recreating life on this little globe, is in reality, an uneven 
mass of gas which swirls and revolves at a pace which the human brain is unable con¬ 
cretely to comprehend. The hard inert flint or steel or diamond or otlier fundamental 
elements arouse no suspicion of internal movement. And yet, when viewed with the 
aid of ingenious scientific instruments, the hard, fixed, continuous substance of the 
elements, dis-closes itself, under ultimate sub-division, to be a discontinuou.s conglomera¬ 
tion of numberless molecules and electrons, some of these latter supenninute, almost 
dimensionl'ess constituents moving in their orbits at a speed of 7000 million rounds in, 
I millionth part of a second! 

In this strange world wherein everything is moving, changing, rechanging, the 
strangest and most complex being of all, man, has been stretching forth his sense 
organs more than ever since he inherited his body from the ape-man and, as wet have 
been told, has been working at Nature to fulfil his varied needs. In the process he 
has made great discoveries and laid the ancient foundations of science. He laid the 
foundations of mechanical engineering when to satisfy his need he was led to split ^ht 
stone and manufacture the first implement. He laid the foundation of physics when 
again impelled by his need he was led to produce fire by rubbing one piece of wood 
against another. And so on and on from the Stone Age to the Atomiq Age, it is 
one continuous story of man’s efforts to gain and use knowledge and of the purpose 
of those efforts. The end of that story has not been readied. It caiij never be 
reached. Continuous movement, continuous adjustment, continuous aspiration, conti¬ 
nuous achievement, is the law of action inherent in nature. We see it in the physical 
sphere, we see it in the mental sphere, we should see it also in the moral sphere. 

Knowledge is one indivisible whole and yet the sciences are many. The blind men 
in the fable who feeling each with his hand a different limb of the elephant, could 
have only an imperfect conception of the animal. So we too> through detached contact 
with nature^s manifold manifestations have built up the separate sciences of Astronomy, 
Meclianics, Physics, Chemistry, Biology, Botany, Zoology, Physiology, Psychology, 
Geology and numerous other more recent logies. It is wise to treat them as one whole, 
as nature seen from different angles, and yeti the same nature. But though the 
instinctive motive and purpose which has led man to all these varied'fields of research 
and study and to gain all this knowledge is the fulfilment of some need, the satisfac¬ 
tion of some urge that need and that urge may relate to the individual or it may relate 
to society. 

As time has passed, as man has progressed^ as the State has widened its activities, 
the social need has acquired the dominant role in shaping the direction of scientific re- 
^rch. The scientist is more and more in demand to help society out of its difficulties 
and to come to the resevte of nations suffering from social distempers. The. scientist 
in our own country also has not to function in a vacuum. Nor has he to work in 
ohr laboratories in the pursuit of mere knowledge. India’s laboratories ^havc to hiss 
and fume against the background of a grim gaunt spectre of poverty and nakedness, 
ignorance and disease I That four-armed spectre stalks our land where man earns, on 
an average, less than two annas a day; Ivhere US many OS 60 pet cent of the people are 
Underfed; Where every fourth person gets annually devitalised by malaria; where the 
expectation of life is as low as 23 years, about half of what it is in the West; where 
nine out of every ten persons are sunk in illiteracy; Where the Overall annual consum¬ 
ption of cloth for the rich and the poor is a meagre 13 yds. per person; and where 
above all, the cumulative impress of these deficiencies is tragically visible in thos< 
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features of national character which are pulling India back from its frOnt place in all 
spheres of world activity. 

The scientists of India have thus tut out for them a concrete and stupendous task. 
In collaboration with other comrades in the cause of all sided national reconstruction, 
they have to develop high speed of action if our masses have not to face cruel disappoint¬ 
ment. The people cannot come into their own, the nation cannot rise to its full stature, 
India cannot pulsate with health and vigour, physical and mental, unless scientific research 
becomes not the specialised function of a handful of talented men in a few Universities, 
Hospitals, or Institutes, but the daily duty of thousands of our graduates working 
away at numerous well-equipped centres over a hundred and one urgent problems and 
sub-problems that confront one in every sphere of national reconstruction. A vast and 
rapid increase in facilities for research work is a most urgent need of the day in our 
country. More and more of our gifted youths and more and more of our national 
funds must be diverted to this end. We dare not lag behind the mass awakening. We 
dare not mark time when one crisis after another calls for big rapid strides on the 
path of reconstruction. 

The German scientist I have quoted re-told us that the physical and intellectual 
wants of man were the starting point of our knowledge of things atid natural phenomena. 
But are we also to end there? Must we not advance from the physical and intellectual 
wants to the wants of spirit? Can man only be a thinking animal? The law of evo¬ 
lution does not end with the body and the mind. It is a law of universal application. 
Everything changes, everything grows. And so also the moral side of man. Physical 
and intellectual progress unaccompanied by progress in the moral field spells grave- 
danger to humanity. We have witnessed it, and we have regretted it each lime foreign 
or civil war has shown up the brute in man. India too lias had its warnings. She 
must not disregard them. We must re-establish the supremacy of the moral law and 
the use of moral means for all ends. A great teacher has been re-teaching us that 
great lesson. And so now, as in days of yore, let the study of the science of the 
spirit be the speciality of India, over and above the intensest study of all modern 
sciences and their application to the social and economic problems of the country. 

A modem scientist has said:— 

"The Universe is both larger and more complex than once appeared. We are not, 
as we thought, just about to understand it all. The larger the sphere of knowledge, 
the greater the era of contact with the unknown and the farther we push into the unknOW.n, 
the less easy is it to represent what we find there in simple understandable terms.*’ 

Human personality, as Indians have reason to know^ is a very complex phenomenon. 
Mot all its aspects and powers have been discovered. Nor have all those that havvc; 
been discovered received scientific exposition. India has traditions of some of thef 
more mysterious aspects of this complex human personality. By some power not yet 
tecognisecl by modern Science, ancient Seers oJE# India calculated with unexcelled pre¬ 
cision the movemetit of the stars. By an equally un-understood power, the. great 
fihrlgu, a Scientist of ancient India, worked out the minutest details of hundreds of 
successive lives of thousands of his contemporaries. India still has men who can by 
placing the fingers on the body know all the main incidents of a man’s life history, 
who can by a similar touch see, as if under X-ray, the entire physiological .processes 
of the body and affect them by sheer exercise of their own will. These and siminar 
other phenomena are all by-products of the practice of pranayam, crudely translated as 
‘control of breath.’ The science of Yoga has yet to be systematised. It has its physical 
ds also its moral or spiritual aspects. My brief reference is only intended to indicate! 
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that thefi; ai'd many mysterious aspects of human personality which, known to our an¬ 
cestors, have to become afresh the stibjcct of scicntilic research and the results so 
achieved made capable of propagation and api^licalion. 

But these unknown aspects arc not merely those designated as ])vSycliic, There are 
also others of a still higher order. They relate to the more rundamental verities of 
life. They mark out man for a nobler part in nature’s nitglity process of change and 
evolution. Their cultivation helps him to overstep all hurdles iiii life autl to acquire the 
key to human happiness which remains the greatest and most basic urge of mam Thft, 
great thinkers of ancient India made their inslrumentless researches into the things o£' 
the spirit and discovered the solution of this eternal problem of humau happiness* ; 
That solution is enshrined in the Gita, the Song Celestial. That brief epitome.' 
of all knowledge unfolds the secret of a happy and perfect life, ft ' 
teacnes that that secret is a certain attitude towards life. That altitude is one of 

ceaseless selfless righteous action without attachment to the fruit of such action. Day 
in, day out the sun radiates its heat, unworried whether all spils and men take, its benefit 
or not. It spreads out its lustrous light, unworried who seek.s to gain by it and who 
shuts himself against it. The wind blows all over the earth, unworried who endeavours 
to profit by it and who poisons it by misuse. The water runs down the river-bed, uii-' 
worried who diverts it to rear life-giving crops and who lots it run unused to the sea. 
Nature, call it inanimate nature if you will, is leaching us everyday how to function in 
life and how, labouring for the w’cll-being of all, in the midst of the in tensest activity, 
to perform duty ceaselessly unaffected by the immediate result. IX human evolution 
is to pass from the physical and the mental to the moral phase and if science 
and knowledge are still to fulfil the law of need and satisfaction in that domain, then, it 
must become the duty of special type of scientists to systematise the theory and prac¬ 
tice of the Gita way of life. From the laboratory of the daily life and practice of 
those who have been adepts in this line must they rediscover to the modern world tlie 
true laws of a happy life, which is the ultimate unconscious urge for all human en¬ 
deavour even when we merely plough tlic fields of physical science. 

Let India’s Universities and Academics of Science throw up again men in whom 
knowledge and action are reconciled and let India take up the lead again in systematising 
the moral sciences of old But let it not be misunderstood that India has to live 
in piuloscphipal' dreams away from the turgid currents of physical life., While in the 
midst of those currents, attacking and solving every problem that relates to the physical 
and mental aspects of human existence, shaping each day its externals more and more 
in accord, with the needs of the moment, let India also acquire the only realistic and 
correct attitude towards human life and the universe, and towards their problems and 
tjidr riddles. Let knowledge grow from more to more. Let its application to hu¬ 
man HfC'become more and more extensive. And yet let the mind be ever able to rise 
.above failures and disappointments in our little plans of the day. Let lndmx‘sa'Vants 
make their full cpntribution to the knowledge of the world and that contribution can 
never be complete if it merely follows the modern path leading to physical and mental 
satisfactions. A world thinker like Karl Marx, who interpreted thought and emotion 
lihd life and death in terms of dialectics, would not have broken down in the face of 
domestic bereavement or his own impehdmg death, if the problems of life and their 
only abiding solution had been clear to him in all its full vividness. Let the Science 
of all sciences show us the true way of life. Let us be taught that science. Let India' 
and you and I, its sons, by right endeavour in the fields of knowledge and action, deserve 
the rich heritage of immortal Jauaka, who from this province of Bihar, taught humanity' 
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how to live and labour, how to govern and serve, and how to die. May God give us 
the wisdom, the strength, the humility to accept that great heritage. 

Sir C, V. Raman then read out certain portions from the written Presidential 
Addresses of Sir Ram Nath Chopra. Later, he delivered extempore his own address 
on “Chemistry and Physiology of smell”, a subject in wliich he was interested and 
which he had taken up for spare time study. 

Dr. B. Mukerji, Acting General Secretary, proposed a vote of thanks to His 
Excellency, the Governor of Bihar and Patron of the Congress (Sri Jairamdas 
Daulatram), the Chairman of the Reception Committee and the Vice-Chancellor of the 
Patna University (Sir Chandeshwar Prasad Singh), the Local Secretaries (Dr. P. B* 
Ganguly and Dr. Basudeb Narayana) and the visiting foreign Scientists (Prof. A. 
Findlay of Great Britain, Prof. Shewhart of America, and the Australian Scientists led 
by Sir John Madsen). He paid glowing tribute to the help received from the University 
of Patna’without which the function could not have achieved the success it had. 

The inaugural meeting then concluded with a closing song sung by the girl students 
of the Patna University and the Medical College. 


9. ANNUAL REPORT OF THE INDIAN SCIENCE CONGRESS 
ASSOCIATION 1947* 

Introduction 

In presenting ,the report for the year 1947, the Executive Committee wish to point 
out at the very outset that the year under review has been one of great stress for the 
Association. The recrudescene of communal trouble in Calcutta , and the wave of poli¬ 
tical frenzy that swayed Bengal immediately before and following its partition and their 
repercussions on the day-to-day life of the province for some time completely paralysed 
the activities of the Association. The time of trouble synchronised with the period of 
maximum work C)f the Association and coupled with this, the postal irregularities which 
en.sued, made the situation still v/orse. The work of the Association, as you are aware, 
is carried’ on largely through correspondence and any difficulty ii^ the mailing system 
must naturally have direct effect on the work of the Association. Abstracts, Presi¬ 
dential Addresses, Discu.ssions for symposia, etc. which should have been received by 
September, did not come at all to the office of the Association until about the middle 
of November and that too, after repeated telegrams and reminder letters were issued to 
the various Sectional officers. The facilities available in the Calcutta Presses were 
also considerably affected due to the opting out of a large number of skilled technicians, 
wlin were jicquainled with the work of type-selling, etc., to Pakistan. At one tjme it 
appeared that the printing of the various materials needed for the Patna session could 
not be done. However, it is a pleasure to be able tO report that through the enthusiastic 
and determined effort of the Acting General Secretary, Dr. B. Mukerji, it has been 
possible ultimately at least to discharge a part of the obligations of the Association 
towards their members. The Executive Committee hope tliat in view of the circums¬ 
tances stated above, the members would be generous enough to condone the inconveniences 
that had occured to many of them and would also extend their full support to the 
mittcc in their difficult task. 

As in last year, the Indian Science Congress Association received recognitto from 
many foreign scientific Associations. It will be recalled that several members and, office 
bearers of the Association were invited by the Government of India as member^ ,of the 
Empire Scientific Delegation last year and they .succeeded in establishing interawitioiial 
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scientific collaboration not only with empire countries, but also with many European, 
American and Australian Societies. This has undoubtedly created a growing awareness 
of the value of Indian science in international spheres and as a result the ISC A received 
many enquiries this year from a large number of Scientific Bodies in America, 
Australia, Great Britain, Canada, Russia, etc. From countries such as Ceylon, Afganis* 
tan and Indo-China, several invitations and messages of goodwill were also received. 
Though in many cases, these invitations could not be honoured because of lack of funds 
and inability of the Assoc, to send out delegates to the places, reciprocity, through ■ 
messages of goodwill and telegrams, were maintained with all these foreign bodies. It 
is a welcome sign that the ISCA is not only making its presence felt in scientific circles 
all over India but its work is being increasingly recognised outside the geographical, 
borders of India. 

Thirty-fourth Session: The thirty-fourth session of the I.S.C.A. was held at Dellii 
from January 2-8, 1947 under the auspices of the University of Delhi and waS presided 
over by Pandit Jawharlal Nehru, Vice-President of the Interim Indian Government 
at the time. All the 13 Sections of the Congress had their separate sessions and the , 
attendance of regular and sessional members was very satisfactory. In fact, an 
unprecedented enthusiasm was evinced at this session, partly because of the participation 
of Pandit Nehru and partly because of the presence of foreign scientists from Great 
Britain, America, Canada, China, France, Russia, etc, The General Committee met 
for 3 days and discussed several matters of importance regarding the general policy, 
administration and the lines along which the future activities of the Association should' 
be canalised for the benefit of the country at large. A detailed report of this has 
been published as a separate leaflet which has been circulated to the ordinary members and , 
is also being distributed from the office of the General Secretaries in the Congress 
enclosures. 

Executive Committee 

The Executive Committee (consisting of 17 members) which is entrusted with the 
transaction of all current business of the Association, met 8 times since the close of the 
last Delhi session on January 8, 1947. Most of the meeting.^ were held in the head¬ 
quarters at Calcutta; Of these, the meeting called on January i8, 1947 was ,an emer¬ 
gency meeting necessitated by the fact that Prof. P. C. Mahalanobis, tlie Getieral 
Secretary in charge of the headquarters office, was invited to go to the United Slates 
as ChaifrUan of the Statistical Commission of the U.N.O* and he proposed to leave 
India within a week. He requested the Executive Committee to make arrangements for 
ffie carrying on of the work of the Association during his absence. The Executive 
Committee decided that Prof, Mahalanobis be granted leave out of India and authorised 
him to contact foreign scientists during this period on behalf of the I.S.C.A, It wa^ 
teanimously agreed that Dr. B. Mukerji, who carried on the work of the Association 
during the most pressing time last year and who was again returned to the Executive 
Ccxnmittee by a large majority of votes, be entrusted with the duties of the General 
Secretaiy to ffie Association during the absence of Prof. P. C. Mahalanobis, 

Of the members of the Executive Committee, Prof, P. C. Mahalanobis, Sir K. S, 
Krishnan and Prof. M. Qureshi were out of India on tour for different periods during 
the year. 

Prof. Mv AHal Husain was elected Additional Vice-President and Prof. P. C. 
Mahalanobis Additional Member to the Council of the National Institute of Sciences 
of India as representatives of the I.SU.A. for 1947. Dr. B. C. Guha who was elected 
representative of the I.S.C.A. on the Governing Body Of the Indian Research Fun 4 
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Association last year continued to remain in ofiice for the term of 3 years from 
September 1945, 

The ‘Central Advisory Board of Archaeology’ under the Ministry of Education 
requested the LS.C.A, to nominate a member to serve in tJiejr Advisory Board. Vt. N, 
P. Chakravorty, Jt. Director General of Archacdlogy, was ivmiinatcd by the Executive 
Comnuttee to serve in the Board as a member of the LS.C.A. Dr, Chakravorty later 
wrote to say that he was already a member of the Board in his 'oflicial cai>acity and 
requested the LS.C.A, to nominate somebody else in his place. The Executive Com¬ 
mittee thereafter nominated Prof. N. N. Chatierjee of the Geology Department of 
the Calcutta University to serve in the Board as a representative of die 1,S.C.A. The 
,C:entral Bo^rd of Irrigation’ with the Government of India requested the Associatioii 
to nominate a representative to serve in their Board. The Commititce nominated 
Mr, P, C, Bose, Chief Engineer with the Government of V\'est Bengal, to serve in the 
Board as a representative of the LS.C.A, The Association was invited to be present 
atthe Silver Jubilee Celebration of the Allahabad University and Dr. S. L. Hora attended 
■the function as a representative of the Association and presented a message of good¬ 
will to the University on .behal f of the Association. The Roorkee College of Engineer¬ 
ing invited the Association during their centenary •celcbrantions and Dr. S. Krislma and 
Prof. K. D. Bagdii were nominated by the Association 10 attend tlie fmiction. The 
sCoUege of Technology, Benares Hindu University mvited the Association do attend 
their silver jubilee function. A telegram was sent from the, Association expressing good 
will of the LS.C.A. The Cultural Adviser to the Frencli Embassy in India reqvtested 
the Association to establish relationship with tlie International Union for Biological 
Sciences. This was approved by the Executive Committee al^d necessary steps have 
been taken in this connection. The‘Ceylon Association ior tlie Advancement of Science' 
requested the Association to send a representative at their annual meeting m December 
1947. It was not possible to send a delegate form the LS.C.A. but a telegram cxpres.sing 
good wishes and success to the Association was sent to them. ’ 

. Gemral Admm^tratipni Prof.. P. C. M^lialanobis .left-India in the 3rd uock of 
January to attend the Statistical Commission under the U.N.O. He- returned to India 
in April 1947 and attended two meetings of the Executive Committee on 3rd April and 
33rd May. The general work of the Association ,was liowcver cjtrried’ on all tiie time, 
by Dr* Mukerji of the Central Drugs Laboratory, Government of India, Calcutta 
and a Member of the Executive Committee. While in india, Prof. Malialanobis, vvitn 
the permission of the Executive Committee, approached the Govcnnuent of India again 
for a grant with the object of bringing out a foreign sciontific delegation to tlie Patna 
session of the Congress. The Executive Committee decided that this time the personnel 
of the scientific delegation should be selected by a Committee consisting of two repre¬ 
sentatives of the ISCA, one representative of the National Institute of Sciences, bne 
representative of the Inter University Board, one representative of the Council Of Scicth 
tific and Industrial Research, one representative from the Ministry of Education and 
one representative of the External Affairs Department. This Committee was jiiuthOriSed 
to select individuals of the scientific delegation and intimate the names to Prof, •Hah^hhO'^ 
his, who would simultaneously contact them and make arrangements for their visit td 
India to attend the Patna session. . 

Government of India Grant-in-aid: Since its inception in 1914 the J^CA luxs 
canned on its activities partly with the help, in die c^lier years, of the Asi^k 

Society of Berig<d and mostly depending on its own menibership subscriptions.. No. 
help was, forthcoming, In view of the steadily increasing expenditure of tixe Associa^kwi 
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and in view of the fact that increase in the membership dues might result in discouraging 
the younger scientists from joining the Association, the Executive Committee decided 
to approach the Government of India for a grant of Rs. 25,000!- per year. In 19.15-46, 
a sum of Rs. 5,ooo|^ was sanctioned by the Government of India and again in 1946-47 
the same amount had been sanctioned by the Government. The Executive Committiis 
made a strong case for an increase of this grant to Rs. 25,ooo|“. Tn response to this 
urgent apatpeal, the Government of India have intimated the Association that they are , 
considering the grant-in-aid of Rs. 15,(^j- for the year 1947-48. This sum has not yet 
been sanctioned and the Association is approaching the Government for an increase of 
this grant to Rs. 25,000[-. If this grant is received, it would be possible to increase, 
‘the much-needed clerical staff of the officcj without which cfTiciency of the AssociatiPn 
cannot be maintained. The Secretaries are honorary officers who have other duties to 
perform and it cannot be expected that they would be able to give very much time to 
the routine work of the Assoc. In spite of this it might be necessary to raise the 
subscription of members of the Association, which is considered very low in the light 
of the present high cost of printing and paper and the necessity for giving dearness 
allowance and interim relief pay to the employees of the Association. 

Permanent housing of the Association and appointment of staff: The office of the 
Association was moved to the buildings of the Royal Asiatic Society of Bengal at 
No. I, Park Street, Calcutta with effect from April, 1947. Some new furniture and 
Steel almirahs for the safe keeping of records were purchased, The space available 
for the use of the Association is not enough, and the General Secretaries have to bring 
of the files to their own offices for disposal. This is unsatisfactory and leads to 
delay in the receipt and disposal of urgent communications. Efforts are being made 
to’ secure some space through informal discussions with the officers ‘of the lipyal Asiatic 
Sodety of Bengal. 

Mr, B. L. Mukherjee, M.Sc., was appointed Assistant Secretary to the Association 
through advertisement and scrutiny of application by a Selection Committee consisting 
of Prof. S. K. Mitra, P. Ray, Dr. W. D. West and Dr. B. Mukerji. Mr. Mukherjee 
Joined this appointmdit in August, 1947. 

The need for an Accountant for the office of the Association is being* keenly felt 
for sometime. This is ah important requirement for any public body dealing with funds 
and membership subscriptions. If the increased grant from the Govcrnm’ent of India 
is available, the post will be created in 1948. 

. Printing of the Proceedings: Part IV of the Proceedings of the Bangalore session 
of the Congress,, 1946, could not issued in 1946. The arrear work was made Up during 
th^ year and this volume distributed to all who were entitled by virtue of their member¬ 
ship to receive it. Due to the August disturbances of 1946, materials for the^lDelhi 
Session of the -Congress had to be printed from presses outside Calcutta. .;AU these 
materj^t had to be recomposed in Calcutta again for the printing of, the Proceedings 
for the Delhi Session. Work in this connection had progressed to almost the final stages 
preparatory to the, issue of the proceedings ofi‘ the Delhi Session,, when fresh troubles 
arose in Calcutta and the printing work for the Patna Session had to be giveii imme¬ 
diate priority. The result has been that the Proceedings of the Delhi Session have not 
yet been issued. It is to be hoped that conditions would enable the Executive Committee 
for 1948 to clear up all arrears of printing work. Shortage of paper was another serious 
difficulty which the Executive Committee for 1947 had to face. The Association 
consumes nearly 5 tons of paper every session. For 2 years, no paper quota had been 
apjplicd for and received. At the request of the Executive Committee, the Acting 
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General Secretary proceeded to Delhi and succeeded in securing the necessary paper for 
the Association through the help of Hon'ble Dr. Shyamaprosad Mookerjee, without 
which no printing work for this work could be done for the Patna Session. 

This year, Abstracts of papers are being issued in pamphlet form at the Venue of 
the Congress. As many Abstracts as were received in the office of the Association duly 
checked and approved by the respective Sectional Presidents up to December loth, have 
been incorporated. Only a few Abstracts hav been left out. After the session is over, 
any further Abstracts that may be forwarded will be incorporated and the final volume 
(Part III of the Proceedings) will be issued early in March 1948. 

Work u*f ditfereat Sub* Committees 

(0 Sub-Committee on Standard Time for India: This Sub-Committee under the 
Chairmanship of Prof. S. K. Alitra submitted its report towards the end of 1946. It 
has since been printed in Part IV of the Proceedings of the Bangalore Session (33rd 
Session). Copies have also been circulated to the Railways and Airw^ays authorities 
and to Government departments with a view to the uniform adoption of standard time 
all over India. 

(u) Sub-Commiiiec on the aicmd of certificates to manufacturers of scientific 
apparatus: Last year the Indian Science Congress Association set up a Sub-Committee 
to compile a report on the manufacture of scientific apparatus in India with a view to 
encourage plan, develop, advise and standardise their production as well as to give a 
fillip to this important line of manufacture. As Dr. B. Mukerji, the Convener of this 
Sub-Committee, had again to shoulder the burden of administration of the Association 
as the Acting General Secretary, he requested Dr. Johri of Duligar College, Ajmite, 
to take up the work and Dr. Johri drafted a letter and questionaite on the subject for 
circulation to the members and the Press. At about this time, the proposals regarding 
the establishment of an Indian Standards Institution under the Industries and Supply. 
Ministry crystallized and it was felt by the Executive Committee that no useful purpose 
would be served at this stage by undertaking a sdieme of enquiry which would most 
likely form one of the important functions of the proposed Indian Standards Institution. 
It was considered desirable to wait until 1948 and get in touch with the authorities of 
the Indian Standards Institution before proceeding further on this, subject. If any 
Committee is being set up by the authorities of the Indian Standards Institutions, the,, 
Indian Science Congress Association should get a representation in this body and help, 
in its work. 

(Hi) Rules Revision Sub-Committee: A circular letter dated the 19th June, 1946 
was issued to all the members to send in their views and suggestions regarding the revi** 
bion of the existing Rules and Regulations. Due probably to the disturbances in Calcutta 
and the general political interest all over India* satisfactory response was not received. 
The sub-committee had to be reconstituted during the year on account of the temporary 
absence of Prof. R. C. Majumdar and Dr. K. Biswas who were active members of the 
Committee. Prof. J. C. Sen Gupta has very kindly agreed to help the Association by 
making a critical preliminary survey of the Rules and the Executive Committee for 
1947 would be glad if he is made the Convener of this Committee for the year 1948 and 
given full powers to coopt members for the smooth working of this Siib-Committee, 

(iv) Decimalipation Sub-Committee i A Bill for the decimalization of Indian 
Currency was introduced in the Legislative Assembly early in 1947^ ' While this 

was a step in the right direction, the Indian Science Congress Association was 
of the opinion that the Bill did not go far enough and that Decimafcation. of weight# 
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and measures, on the basis of the metric system, should also be considered simultaneously; 
With a view to create a strong public opinion in favour of this much-needed reform, a 
Sub-Committee with Mr. P. wSett of the Indian Decimal Society as Convener was 
appointed. This Sub-committee has kept up an energetic propaganda through the 
medium of the daily press and has also published 3 pamphlets outlining the advantages 
of the decimalization system. A small grant from the funds of the Indian Science 
Congress Association was made to defray the expenses incurred by the Sub-cojnmittce 
towards printing charges. 

Shifting of the date of the Science Congress session 

It will be recalled that the question of backdating of the Science Congress tietision 
from the first week of January to the third week of December (16 1 17th December), 
prior to the starting of the .Clirislmas holidays, was taken up for consideration last year 
by, the’ General Committee at Delhi. No definite decision could be arrived at. The 
general trend of discussion indicated that probably backdating would not suitable 
and some, University authorities, who were addrc.sscd on the question through ciicular 
letters in 1946, inclined to the view that no hostel accommodation for tlie visitiiip* dele¬ 
gates could be provided, in the third week of December when the students do not u^ualtV 
vacate, their hostels. The question is for further, discussion this year by the General 
Cqrnmittee, 

Renarning of the Engineering and Metallurgy section: The Executive Convni'itce 
cqnsidered a proposal for the renaming of the Section o£ Engineering and Mcta^'titi7;y 
sq that the work of this section could be made more comprehensive and could r mbrace 
witlpttjits scopo Industrial Research' of all descriptions. No definite decision could be 
arfiye4i;at,aud the subject is for further discussion by the Sectional Ctnnmittee concerned, 
llie* Council, and, later, the General Committee. The Executive Committee would abide 
by th^ .majority decision in this regard. 

Visit of Foreign scientists 

' Lust year through the untiring efforts of P. C. Mahrllanobfis and Sir Shanti 
Swamp Bhatnaga'r, it was possible to bring out’a represent^'^jvc <kllegatibn of foreign 
setefttists to^atWhd the Delhi session of the Congress.' Tlte,’* Scheme *was a ,great success 
and tlxe Delhi session last year could be considered a .^ihiicstonc iii the path of India’s 
intemafional cooperation in the field of science. Thq 'following foreign delegates from 
difierait countries attended: 

(i) Representing Royal Society of Londofi: (i) Sir Harold Spencer Jones, 
Astronomer, Royal Greenwich Observatory; (2) l^rof. P. M. S. Blackett, 
Manchester University; (3) Sir, D'Arcy Thompson, Uiriversity of Si 
Andrews; (4) Prof. W. Brown, Botanist, Imperial College of Science & 
(5) Prof. L. J. iVlordell, Mathematician, Cambridge Univer- 
‘Mty; (6) Dr. P. Bruce White, National Institute for Medical Research, 

‘ ’London. 

(^) Representing British Association for the Advancement of Science: (7) Sir 
Chartes Darwin, Nalional Physical I.aboratory; (B) Sir Arthur Fleming, 
Great Britain; (g) Prof; 11 . Munro Fox, Zoologist, London University; 
(10> Prof. Dudley Stamp, Ministry of Agriculture, London. 

{3) Representing American Association for the Advanchnent of Sciences 
(II) Prof. A. F. Bkkeslee, BotanH^ Massachusetts; (12) Dr. W, E-f 
Doming, Statisticism, Washington, ‘ 
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‘(4) Representing National Academy of Science of America i (13) Df, S. Newton 

Harvey, Zoologist, Princeton; (14) Oscar Riddle, Physiologist, Florida; 
. (js) Dr. Harlow Shapley, Harvard Observatory. 

(5) Representing Royal Society of Canada: (16) Dr. R. B. Thompson, Bota¬ 

nist, Toronto. 

(6) Representing National Research Council, Canada: (17) Dr. R. W. Boyle, 

Electrical Engineer, Ottaw^a (18) Dr. W. F. Hanna, Plant Pcithologist, 

Winnipeg; (19) Dr. T. L. Tandon, Geologist, Canada. 

(7) Representing French Academy: (20) Prof. Jacques Hadaniard, Mathema¬ 

tician, Paris. 

(8) Representing Chinese Academy of Science: (21) Prof. S. S. Chern, Mathe¬ 

matician, Chungking- 

(9) Represcnling Soviet Academy of Science: U. S. S. R. (22) Prof. V. P. 

Volgin, Moscow^ (23) Prof. E. N. Pavlovsky, Tajikistan; (24) Prof. M. 

Umarov, Middle Asian University, U. S. S. R. 

Advantage was taken of the presence of these foreign delegates to stimulate, .scientific 
activities in the various Indian Universities and Research Institutions. During the ses¬ 
sion, several symposia and popular lectures were arranged. Among those who gave 
popular lectures were Sir P. M. S. Blackett, Sir D’Arcy Thompson, Prof. Munro Fox, 
Sir Charles Darwin, Prof. Harlow Shaplc\*, Sir Flarold Spencer Jones, Prof. L. J, 
Mordell, Prof. Oscar Riddle, Prof. A. F, Blakeslee Prof. E. Newton Harvey, Prof. 
Volgin and Prof. Pavlovsky. Following the Dellii session, these delegates toured round 
the various universities and academic institutions in India and gave lectures and 
dentonstrations. 

The success of the scheme encouraged the Executive Committee to embark on a 
similar project this year also. At the April meeting of the Executive Committee, Prof. 
Mahalanobis, who retunied to India at that time on a short visit, placed a fresh proposal 
. for bringing out a representative body of scientists at the Patna meeting in January, 
1,948. The Executive committee having approved the proposal, the Government of 
Ipdia was again approached for a grant of Rs. 75 >ckx)|- as in last year towards the cost 
of travelling,, etc., of the foreign delegates. The sanction of the Government of India 
was received on the loth October and it was stipulated therein that the selection "of 
scientific personnel for the delegation must be made through a 'Selection Committee’. 
Ihspite of the best efiotts of the office of tlie Association the final selection of Scientists 
' Could not be made before 22nd November, 1947. Invitations wefe immediately issued to 
the selected scientists by cable, air-mail letters and ordinary letters and also , through the 
offices of the High'Commissioner in London and through Indian Embassy in Washington. 
Soviet Academy of Science was also informed. The names of the -Scientists selected 
are given below: 

List No. I. Physical Sciences,' ek. Group, 

1. Sir Robert Robinson, (Chemist), President, Royal Soc. "London* 

2. Sir Edward Appleton, (Physicist), England. 

3. Dr. Sverre Petterssen, (Meteorologist), Norway. 

4. Prof. Niels Bohr, (Atomic Physicist), Denmark. 

5. PrOf. A. Einstein, (Mathematician), Princeton, Americai 

6. Dr. H. Mark, (Physical Chemist), Brooklyn, America^ 

7. Dr, W, A. Shewhaft, (Statistician), Amerieai 
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8. Dr. Vannevar Bush, (Technologist), America. 

Biological Sciences Group. 

1. Prof. Szent-Gyorgyi, (Biochemist), Hungary. 

2. Prof. C. PL Best (Physiologist), Canada. 

3. Dr. George Strode (Medicine & Public PJealth Specialist). 

Rockefeller Foundation, New York, America. 

4. Prof. J. H. Burn, (Pharmacologist), Oxford, Flngland. 

3, Prof. C. A, Elvehjem (Biochemist), Wisconsin, America. 

6. Prof. D, Engelhardt, (Biologist), Russia. 

List No, 2. 

1. Prof. Roger Adams (Chemist), America. 

2. Dr, Karl Meyer (Medicine), San Francisco, America. 

3. Prof. A. Lawrence (Physical Chemist), America. 

4. Prof. L. Negre (Tuberculosis si)ecialist), France. 

3. Prof. Lyle Cummins (Tuberculosis specialist), England. 

6 . Prof. Curio-Joliot (Atomic Physicist), France. 

7. Prof. Hilditch (Chemist), England. 

8. Prof. Kerst (Polymer Research Specialist), Illinois, America. 

g. Prof. Edwar Bailey (Geologist), England. 

10. Prof. C. E. Tilley, England. 

Unfortunately due to delay in receipt of intimation regarding invitation most of the 
invitees could not manage to come out to ‘India this time. Only Prof. P^cterssen of 
Norway and Dr. Shewart of America could accept the invitation so far. Prof, Burn 
has written to say that the notice to vist India was so short that he would not be able 
to get away in time for the Patna Congress. 

Last year, the Australian Scientists who were invited could not attend the Delhi 
Session and Prof. David Rivett, Chairman of the Australian Council for Scientific & 
Industrial Research promised to send an Australian Scientific Delegation in 1947-48. 
Through the invitation of the Government of India, a delegation of 5 Australian Scien¬ 
tists, Sir John Madsen, Sir Kerr Grant, J. A. Prescott, Mr. R. G. Thomas and 
Mr. G. B. Gresford are coming to the Patna Congress. These scientists will attend the 
session as distinguish^ guests of the Indian Science' Congress Association, 

Prol Alexander Findlay, lately President of the Royal Institute of Chemistry of 
Great Britain and Ireland, is visiting India on a good-will mission on behalf of the Royal 
Institution of Chemistry. The Indian Science Congress Association has also extended 
a ,cordial invitation to him to be present at the Congress session and take part in the 
deJifewttion. Arrangements have also been made for his addressing some scientific 
aasodations and institutions in this country. 

Council and Sectional Committee 

The Indian Science Congress Association membership now stands at about 1200 
general committee members (with voting rights), about Soo Sessional Members including 
Associate and Student members, on 15th December, 1947. About 500 full Sessional 
members are expected to enrol themselves immediately before and during the session 
at Patna. The total membership would Urns approach a figure of 2,500, which can bo 
considered to be the largest number.pf members affiliated to one single scientific orga- 
liisation in India, If the activities of such an Association,-which represents 13 different 
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scientific disciplines and under the auspices of which 22 learned Societies and Specialist 
Bodies hold their annual meetings and symposia, could be properly canalised and harnessed 
to the service of the nation, great benefit is likely to accrue both to science and the State. 
In a free country, ^science and the scientists’ must come forward and take upon them¬ 
selves the responsibilities of helping the State with their expert knowledge and technical 
abilities. The Council of the Indian Science Congress Association represents all the 
scientific intelligentia of the country and it is proposed to convene a special meeting in 
1948 to consider the ways and means of improving the work of the Association and 
bring this body to the level of such organizations as the British and American Associa¬ 
tions for the Advancement of Science. The funds at the disposal of the parent body 
had not been sufficient to enable the Indian Science Congress Association to expand its 
activities in the way that it would have liked. A proposal for increasing the member¬ 
ship free from Rs. I2\- to Rs. I5|- is being forwarded for the consideration of the 
Council. This, supplemented with an increased grant from the Central Government, 
Would enable the Association to bring in various schemes of development in the year 1948. 

One of the important things to be considered is the arrangements that should be 
made towards the development of ‘ international contacts between Indian Science and 
World science. As a direct result of the foreign scientific delegations visiting India 
last year and the frequent tours of leading Indian Scientists to Great Britain, Europe 
and America, a world brotherhood of scientists is being established in which India is 
being asked to participate in increasing degrees. To enable this type of scientific fellow¬ 
ship to be maintained, it is proposed to create, if the Council and the General Committee 
approve, the post of a ‘Foreign"Secretary’ in the Indian Science Congress Associations 
with the following functions: 

(o!) To effect -co-ordination between scientific academies, societies, institutions and 
Government scientific departments and services outside India. 

(h) To represent internationally the scientific work in India, when called upon 
by the Executive Committee to do so, outside India. 

(c) To conduct correspondence with foreign countries relating to the business 

of the I.S.C.A., to return thanks for presents from foreigners made to the 
Association, and to forward to persons elected Honorary Members the 
Diplomas certifying, their elections to the Association. 

(d) To do and perform all other acts, matters and things that may assist in, 

conduce to or be necessary for the fulfilment of the above mentioned aims 
of the Association. ■ 

The ‘Sectional Committees,’ unfortunately have not functioned as well as could be 
expected. Last year, requests were made to these bodies to prepare ‘reviews’ of 
outstcndifig results achieved in various sciences during the year as a result of new con¬ 
tributions by Indian and foreign scientists. Only a meagre effort was made by the 
Agriculture Section in this direction last year and this year nothing worthy of record 
was produced. The general disturbances in the whole country during this eventful year, 
1947, must have been responsible for this. It is hoped that a better account can be given 
next year. It is proposed to issue regular reminders from the Headquarters office to 
the Sectional officers, otherwise state of hibernation apparently, sets in. 

General Comm.'ttee 

The Executive Committee would like to receive suggestions in writing from the 
members themselves for improving the work of the Association. The outgoing com¬ 
mittee realise that much that could have been accomplished in 1947 has been left undone 
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and. they W}sh to plfice on repord their regret for not being able to discharge in a ful}«r 
measure tiie responsibilities thrown on their shcAiklers by tlie general body of niembefs. 
Thoy however wisli to emphasise that no ciTorts were spared on their part in giving a 
good account of themselves during the year of their tnistee.ship of Ihti Association, 
Often the circmnstanccs went beyond tlicir control. Next y'car the, conditions would 
be expected to settle down in Calcutta, the hetulquartcrs of the As.soeiation. and also in 
the i-csl of geographical India, and scictitific activities,could be organised on a high level 
of efficiency. 

A suggestion which the outgoing Executive Committee would like to make to tlw 
General body of members is to help the Association tlirough personal influence, to enlist 
more ‘Ordinary Members,’ so that their active interest could be focussed throughout % 
year on the activities of the Association. In most cases, scientists get themselves enlisted 
at'the last minute and a large shifting, fluid membership of the Association is thus 
created which docs not add to the strength of the organisation. Below is given, in 
tabular form, a aonal distribution of ‘Ordinary Members’ as on Noveniber 1st., 1947, 
Obviouidy there .is need for 'furtlicr strengthening of the influence of the As.soeiation 
in Southern, WcsUto', Centpl and North VVe.stem Zones, and the cooperation of ad 
regular Members is sought in this direction. 

Full Members (with .voting rights)—1060 


Eastern Zone 



Per cent age. 

Calcutta *. 

. r 

• t • • 

it . 

» . 290 

Bengal 

. . 

* * s *" 

29 

East Bengal .. 



V. 17 

Bihar 

* . 


.. 113 

Assam ‘ 


• • » • 

»» 12 

Orissa 

. . 

• s » • 

.. 6 


467 44.05 


^ptitb Zorn- 

Madras .. .. ..93 

Hyderabad (Peepan) .. .. ' ., 4 ^. 

- Mysore .. .. •• •• • . 42 

I'lrayancore .. •• ..13 

173 16.30 

Western Zone 

Central Province .. .. .. .. 33 

Bombay .. .. ... .. •. I 37 

160 15.09 

Central Zone' 

u. p. ■ .. .. .. .. .. 129 

Raj, .. .. .. ..10 

C. I. .. .. .. .i ..10 

149 14.05 
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North Western Zone 

Punjab *, 

Delhi 

N. W. F. P. .. 

hnd 


Foreign 


¥ 


- 34 

66 

• t I 
5 

i 6 o ,10.00 


5 o.oos 


'‘i'otal ,, io6o 99-5 % ■ 

(Approx.) 

Changes in Rules: Last j^ear a proposal for amending Rules 23 and 25 of tlic 
Association Vv^as circulated and discussed at the third meeting of the General Com*- 
mittee in the pandal at Delhi. It was decided that Calcutta would continue to remain 
the Headquarters of the Association. Regarding the term of Office of the Gesner 4 
Secretaries (Rule 25), the discussion that) arose did not result in any finlal -decision* 
This amendment is being placed again before the Council and the General Committee 
this year. 

Association of Scientific Workers of India: On a motion before the General 
Committee by Prof. B. C. Guha, an Association for Scientific Workers in India was 
inaugurated under the auspices of’ the Indian Science Congress Association at the 
second meeting of the General Committee under the presidentship of Pandit Jawhs)(rlal 
Nehru. A provisional Committee was set up to draft a constitution for this body 
which will be placed for finalisation before the Patna Science Congress. 

Budget and Accounts: The Budget estimates for the year 1947-48 and audited 
statement of receipts and payments for the year 1946-47 are given in the end* for the 
information of members. For comparison, the accounts of the previous j^ear are 
also given side by side. It will be seen that the expenditure of the Association, l|a? 
increased considerably. This is only to be expected from an all round increase m 
staff salaries, dearness allowances, interim relief pays, cost of paper, printing charges, 
etc. The case for an increase in membership subscription is therefore clear and ,in 
the interest of continuity of work of the Science Congress, the members are rejiueste^ 
to give their serious consideration to the proposal of increase of subscription whiob 
is being put forward 


Submitted on behalf of the Executive Committee (1947-48). • - 

Calcutta. 

T5th December, 1947. - ' ' * 

B. Mukerji , ■ • 

M. Qureshi (in absentia) ' 

General Secretaries. , . T 


■ 'i 


I.S.C I 6 
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10. MEETING OF COMMITTEE 

GENERAL COMMITTEE: JANUARY S, I948, 

A meeting of the General Commitlcc of the Indian Science Congress Association 
was held at the Physics Lecture Theatre, Science Ct)llege, Patna, at J\M. on Monday; 
January 5, 1948. As the Acting General Prcsidetit, Sir C. V. Ranuui, was otherwise 
busy at the time, Dr. S, L. Hora was voted to the chair, At a later stage, Sir C, V, 
Raman attended the meeting. 

Mr. G. V. Asolkar, Dr. K. N. Bagchi, Mr, P. C. Bandyapadhyay, Mr. B. Banerjec,! 
Dr. S. Banerjee, Mr.’ S, S, Banerjee, Dr. C. Barat, Dr. B. C. Basu, Mr. N. M. Basu, 
Dr. R. N. Basu, Dr. U, P. Basu, Dr. G. D. Bhalerao, Mr, P. M. Bhargava, Mr. H. P, 
Bhaumik, Dr. P. C. Biswas, Mr. A, K. Bose, Mr. A. N. Bose, Mrs. Chameli Bose, Dr, 
J. K. Bose, Dr. P. K. Bose, Mr. M. C. Chakrabarti, Mr. N. M. Chakrabarty, Mr. S. V., 
Chandrasekhar Aiya, Mr. V. R. Chariar, Dr. M. L. Chatterjee, Mr. S. C. Chatterjee, 
Dr. S. K. Chatterjee, Mr. T. D. Chatterjee, Mrs. Bani Chatterji, Mr, N. Chatterji, 
Dr. B. S. Chauhan, Dr. G. W. Chiplonkar, Mr. A. C. Chowdliury, Miss Latika M. Dalai, 
Mr.'J* E>att, Mr. S. Deb, Mr. T. K. Deolalkar, Dr. S. V, Desai, Dr, A. N. Dhar,, 
Mr. K. R. Dixit, Dr. K, S. G. Doss, Dr. A. K. Dutta, Mr, A jit Kumar Dutta, Mr. S. A 
Faseeh, Mr. D. Ganguly, Mr. P. J. Ghadialy, Mr. A. K. Ghosh, Mr. B. N. Ghosh, 
Mr. N. C. Ghosh, Mr. N. L. Ghosh, Dr. P. K. Ghosh, Mr. S. M. Ghosh, Mr. P. W, 
Gideon, Mr. A. Gopala Krishna, Dr. S. D. S. Greval, Dr. B. C, Guha, Dr. S. S. Guha 
Sarkar, Mr. S. Gupta, Dr. S. L. Kora, Mr. L. A. N. Iyer, Dr, G. V. Jadhav, Mr. S. 
Jalota, Dr. S. K. K. Jatkar, Mr. S. Jones, Dr. A. C. Joshi, Dr. A. N. Kappanna, Mr. 
S. .M. Kerawala, Dr. S. R. Khastgir, Dr. D. S. Kothari, Mr. Y. N. Kotwal, Mr. P. G. 
Krishna, Dr. G. P. Majumdar, Mr. D. R. Malhotra, Mr. G. D. Matlmr, Dr. K. C. 
Mazumdar, Mr. J. N. Mehta, Dr, A. B. Misra, Mr. R. C. Misra, Dr. H. K. Mitra, Dr. 
M. A. Moght, Dr, H. K, Mookerjec, Mr. S. Mookerjee, Dr. R. Mukerji, Mr. D, Mukerji, 
Mr. S. N. Mukherjee, Dr. D. N. Mullick, Dr. G. V. L. N. Murty, Mr. T. N, Muthus- 
wami, Mr, H. K. Nandi, Dr. M. C. Nath, Dr. B. S. Navalkar, Dr. P. Ncogi, Dr. N. 
Kesa-va Panikkar, Dr. M. S. Patel, Mr. Prem Prakash, Dr. B. N. Prasad (Allahabad), 
Dr. B. N. Prasad (Patna), Mr. D. V. Rajalakshman, Sir C. V. Raman, Dr. B. 
Sonjiva Rao, Mr. M. Umanath Rao, Dr. J. C. Ray, Mr, P. Ray, Dr. Ro Co Ray, 
Dr. R, H. Richharia, Dr. Ko P. Rode, Mr. S. N. Roy, Mr. S. P. Roy, Mr. T. C. Roy- 
chowdhuri, Mr. J. N. Rudra, Mr. M. N, Rtidra, Mr. N, K. Saha, Dr, P. C. 
Sarbadhikari, Dr. B. B. Sarkar, Mr. B. K, Sarkar, Dr. P. B. Sarkar, Mr. S. S. Sarkar, 
Mr. N. S. R. Sastri, Mr. M. L. Schroff, Mr. A. C. Sen' Mr. B. B. Sen, Mr, K. B* 
Sen, Mr, N. Sen, Mr, S. K, Sen, Dr. J. C, Scngupla, Mr, M. Sengupta, Dr. S. 
R. Sengupta, Dr. T. R. Seshadri, Dr, B. R, Seth, Mr. S. M. Sethna, Dr. C. C, Shah, 
Dr. M’ L. Shah, Mr. N, L. Sharma, Mr. G. S. Sidhu, Dr. M. B. Soparkar, Dr. B. 
Sundra Raj, Mr. S. Sw^aroop, Dr. N, R. Tawde, Mr. V. M. Thakar, Mr. N, K. Tiwary, 
Mr. P. S. Varma, Dr. Lai, C. Verman, Dr. B. P. Yadava and others were present. 

f 

X. Appointment of Dr. B. Mukerji as General Secretary. At the outset, the 
President Dr. S. L. Hora announced that Prof. P. C. Mahalanohis has tendered his 
resignation as General Secretary, on account of the fact that he had again been requested 
to come to America for sometime. The Executive Committee therefore had no other 
vray but to accept his resignation and nominated Dr. B. Mukerji, acting General Secre¬ 
tary to fill up the vacancy caused. It is now for the House ta express their opinion 
91a. the nomination of the Executive Committee. 
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The nomination ol Dr, B. Mukerji was unanimously approved by the General * 
Committee. 

2. Minutes dated 4th, 6th and ph January, ig47 Confirmed. The minutes of the 
proceedings of the last meetings of the General Committee held on 4th, 6th and 7tli 
January, 1947 (circulated) were taken up for consideration. There were no objections 
and the minutes were taken as confirmed. 

3. Annual Report of the ExeaUive Committee, Statement of Accounts for the year 
ending 30th November, ig4y and Budget estimates for the year 1^4^48 (circulated) 
were adopted. Dr. B. Mukerji (General Secretary) placed before the meeting the 
Annual Report, Statement of Accounts and the Budget estimates. There was some dis¬ 
cussion on the Budget estimates in which several members took part but ultimately no 
specific objection was raised. Dr, S. P. Agharkar suggested that Assets and Liabilities 
should be shown separately when presenting the Budget estimate. Dr. S. P. Agharkar 
also remarked that Annual Report should first be placed before the Council for its 
adoption and then before the General Committee for its final approval. 

At this stage Dr. A. C. Ukil proposed and Dr. B. N. Prasad seconded that the 
Annual Report, Statement of Accounts and Budget estimates be adopted. 

4. IVays and means of improving zvork and the question of increase in the rate 
of membership subscription from Rs. /2|- to Rs. fil-. There was a general discussion 
in regard to the enhancement of membership subscription. Some members felt that the 
proposed enhancement was justified because the cost of printing and paper has since 
increased significally. But the majority was in favour of deferring the matter for the 
present. At this stage, the Chairman Dr. S. L. Plora reported that the question of 
increase in the rate of membership subscription had been referred to a committee for 
examination and its report would be placed before the next meeting of the General 
Committee for consideration. This action was approved by the House. 

Amendment to Rule 25. Amendment which was proposed on Rule 25 and brought 
forward in 1947 session was then taken up for consideration. The proposed changes are 
indicated below: 

Present Rule. 

25. The term of office of each General Secretary and of the Treasurer shall be 
for a period of five years following the confirmation of the appointment by the General 
Committee. They shall not be eligible for re-election to the office for a period of three 
years after the termination of their appointment 

Amended Rule. 

The term of office of each General Secretary and of the Treasurer shall be fot* a 
period of three years following the confirmation of the appointment by the General 
Committee. They shall not be eligible for re-election to the office for a period of thr'ee 
years after the termination of their appointment 

There was a general discussion in which Drs. S. P. Agharl<ar, B. N. Prasad, A. 
Ukil, Prof. J. M. Sen and others participated. The amenedment to Rule 25 was then 
put to vote and passed by a large majority. 

6. Announcement of elections to the Executive Committee and the Council. Dr. 
B. Mukerji (General Secretary) reported the following results of the election of mem¬ 
bers to the Executive Committee and to the Council for the year 1948-49. 

Executive Committee. 1. Prof. K. N. Balil, 2. Prof. G. P. Mazuntdar.' 3. Prof, 
A, C. Ukil 4. Dr. K. Venkataraman. 5. Dr. K. N. Bagchi, 6* Dn D, West, 
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7, Br. Baini -Prasad. 8, Prof. B. Sanjiva Rao. B. C. Guha, and 10. Dr. 
U. P. Basu. 

Council, I. Dr. H. J. RhaMia. 2. Dr. Q. T). BliaUirao. Dr. fi. C, Basu, 
4. Dn Basudeb Bancrjcc. 5. Dr. B. N. Prasad. 6, Dr. C. Jkirat and 7. Capt 
R. N. Basu. 

7. Amtotmcemcnt of the name of the General President for the ip./p session. Dr. 
B; Mukerji (General Secretary) announced that the Executive C'ominittce had recom¬ 
mended the election of Sir K. S. Krishiian, F. R. S., as Ctcncral President for the 1949* 
session. The proposal was confirmed by acclamation. 

8. Announcement of the names of Sectional Presidents and Recorders for 1949 


session. The Chairman Dr. 

S. L. Hora announced the 

names of Sectional Presidents 

and Recorders for 1949, as follows:— 



Section 

President 

Recorder 

u 

Mathematics .. 

Prof. S. Chowla 

Prof. r. N. Das Gupta 

2 . 

Statistics .. 

Dr. U. S. Nair 

Shree Sadashiv Sen Gupta 

3 *. 

Physics 

Dr. R. S. Kri'sbnan 

Dr. P. S. Gill 

,4. 

Chemistry 

Dr. P. B. Ganguly 

Dr. Dukhaharan Chakra- 

• 5 . 

Geology & Geography 

Dr. C. Mahadevan 

varti 

Dr. S. C. Chatterjee 


Botany 

Mr. M. S. Randhwa 

Dr. R. L. Nirula 

7. 

Zoology & Entomology 

Dr. M. L. Roonwal 

Dr. PL D. Srivastava 

8 . 

Anthropology & Arch¬ 
aeology .. 

Mr. Nirnial Kumar Bose 

Mr. M. N. Basu 

9 * 

Medical & Veterinary 
Sciences 

Dr. M. B. Soparkar 

Dr. TTarendranath Ray 

10. 

Agricultural Sciences .. 

Dr. R. S. Vasudeva 

Mr. P. C. Rahcja 

II. 

Physiology 

Dr. B. B. Sarkar 

Prof. N. P. Banwari 

12. 

Psychology & Educa¬ 




tional Science 

Mr. T. K. N. Menon 

Prof. Kali Prasad 


Engineering & MetaP 
hrgy 

Prof. M. Sen Gupta 

Mr. J. Ganguly 


9* Venue of the next annual session. The ,Chairm?in announced that invitation to 
hold the next session of the Congress had been received from Allahabad and also from 
Poona, It should be recalled that the Allahabad University had also previously 
te^ncsted the Indian Science Congress Association to hold its present session there but 
Itt Delhi session preference was given to Patna. It was therefore considered desirable 
invitation from the Allahabad University should be accepted. There was ^oihe 
fiscussion in which Dr. S. P. Agharkar, Dr. P. Neogi and others participated. The 
maiprity opinion however favoured Allahabad and therefore the proposal for having 
the s^ion at Allahabad in 1949 was confirmed. 

10. Election of two members to each of 13 Scciional Committees, The Gena-al 
Committee then proceeded to the elections of members to each of the 13 Sectional 
Committed. After the names were proposed and seconded the following elections were 
made by majority of votes: 

; M 4 tP»einottks .. , .. Dr. Nalini Mohan Basu and Dr. B. R. Seth 

, ♦* Mrs. Chameli Bose and Dr. P. V. Sukhatme 

, ** Mr. N. K, SWia and R. N. Rai 
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Chcniislry 

Geology and Geography 
Botany 

Zoology & Entomology 
dnihropology & Archaeology 

Medical & Veterinary Sciences .. 
Agricultural Sciences .. 

Physiology .. 

Psychology & Educational Scieme 
Engineering Metallurgy 


Mr. S. Roy and Dr. N. N. Ghatak 
Dr. S. Deb and Mr. K. Bagchi 
Dr, B. K. Kar and Dr. P. Maheswari 
Dr. S. M. Gliosh and Dr. B. C. Basu 
Mr. Satyendra Prasad Roy and Mr. Anil 
Chowdhury 

Dr. A. K. Bose and Dr. J. C. Ray 
Dr. J. S. Patel and Dr. S. C. Roy 
Dr. Sachchidananda Banerjce and Dr. S. K. Sen 
Mrs. R. C. Chowdhury & Mrs. S. K. Chatterjee 
Mr. J. Datta and Mr. D. R. Malhotra 


VOTE OF THANKS 

Dr. S* L. ITora proposed from the Chair a Vote of Thanks to PL E. the Governor 
of Bihar for consenting to be the Patron of the Association for the Session at Patna 
and opening the Session (carried ununiniously). 

Dr. S; L. Hora proposed from the Chair a vote of thanks to the Vice-Chancellor 
of the Patna University for his kind invitation to hold Ihc session und<ir the auspices of 
the Patna University (carried unanimously). 

Dr. B. Mukerji (General Secretary) proposed a vote of thanks to Sir C. V. Raman 
for his having kindly presided over the Session in the absence of the President-elect 
Sir Ram Nath Chopra at short notice (carried unanimously). 

Dr. B. Mukerji (General Secretary) proposed a vote of thanks to the Chairman 
and the members of the Local Committee for the splendid arrangements made for the 
Session (carried unanimously). 

Dr. B. Mukerji proposed a vote of tlianks to the Local Secretaries for all the 
local arrangements and to volunteers for their help in organising such a big session 
( carried unanim ously ). 

Dr. A. C. Ukil proposed a vote of thanks to Dr. B. Mukerji for his agreeing to 
shoulder the responsible work of the Association as its Acting General Secretary during 
the absence of Prof. P. C. Mahalanobis for the major part of the past year (carried tin- 
animously ). 

Dr. A. C. Ukil proposed a vole of thanks to Prof. P, Ray, Treasurer, for his 
services during the past year (carried unanimously). 

COUNCIL MEETING 

A meeting of the Council of the Indian Science Congress Association was held* 
at the University Buildings, Administrative Block, Patna on Thursday the ist January 
1948 at 3-30 P.M. As the President (Sir C. V. Raman) was busy in connection with 
other work, Prof. M. N. Saha took the chair. 

The following Members were present: Prof. M. N. Saha, Dr. B. Mukerji, Dr:* 
J. N. Mukherjee, Prof. P. C. Mahalanobis, Dr. A. C. Ukil, Dr. U. P. Basu, Prof. P.- 
Ray, Prof. S. P. Agharkar, Dr. B. B. Sarkcr, Prof. B. Sanjiva Rao, Dr. B. C. Kundu^ 
Dr. B. Narayana, Dr. P. B. Ganguly, Prof. M. Sen Gupta, Dr. B. N. Prasad, Prof. 
A. B. Misra, Rai Bahadur Kalidas Sawhney, Dr. G. D. Bhalerao, Dr. M. A. Moghe. . 

PROCEEDINGS 

I. The minutes of tlie meeting held on isl January 1947 at the University BitildingS/ 
Dellii, (circulated) were confirmed , 
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2. General Discussion on the loays and means of hnproving the zvork of the 
Association, After the President opened the discussion with a brief account of the 
progress of the Association for the last 34 yeai'S, a brisk discussion 011 tliis item tooK 
place. He stated that starting from a very small beginning, the Association has steadily 
gained importance and can now be considered as the largest scientillc organisation in 
India. Science is going to play more and more inii>ortant part in the life of all indi¬ 
viduals of independent India and the time has now come wheiv ways and means for 
improving the work of this body and bringing its message to the <loors of all scientific 
workers in India should be considered seriously. With the initiation of the programme 
of the annual visits of the foreign scientists to the session of the Science Congress, the 
scope and responsibility of the organisation have further increased duriiig recent years. 1 
As the Council of the 1 . S. C. A. represents all the foremost scientists of the country, 
he requested that they should give a little thought to this mailer and send their considered 
suggestions in writing to the Secretary. 

Prof. J. N. Mukherjee, cx-Sccretary and Treasurer of the Association, suggested 
that a Sub-committee should be set up consisting of the cx-Treasurers and ex-Secre¬ 
taries and the present officers of the Association to go more deeply into this question. 
He pointed out that the cost of printing the Proceedings is gradually increasing and is 
likely to be even more in the years to come. It would therefore be ncccs.sary to drasti¬ 
cally cut down the number of Abstracts presented in each Section. He said that it 
was his experience that many Abstracts were received without their full papers and 
many scientists submit ‘Abstracts’ to the ISCA with a view to getting permission from 
their respective Governments and University authorities to attend the session. In many 
cases, he pointed out, it was his experience, that several scientists never completed the 
work which they presented in thd form of Abstracts at the Congress Session. He 
emphasised the need of very careful scrutiny on the quality of Abstracts before these 
are pennitted to be printed and in no case, these should be printed unless and until they 
are accompanied by the full papers. This step, he said, would reduce the number of 
Abstracts and limit it‘to only the better types of research notes, thereby reducing the 
cost of production of the Proceedings. 

Dr, B. N. Prasad, Dr. A. C. Ukil, Prof. S. P_. Agharkar and others joined in the 
(Jiscussion. Various suggestions were made but no clear-cut line of action could be 
formulated. In view of the importance of the subject, it was decided that another 
meeting of the Council should be convened for a fuller discussion of the topic. The 
Secretary was asked to issue notices immediately and if necessary the meeting could be 
held in the evening at ihp general *pandar> immediately preceeding or following a popular 
lecture’ scheduled to be held in the evenings* 

^ The meeting terminated with a vote of thanks to the chair* 

ADJOURNED COUNCIL MEETING 

The adjourned meeting of the Council was held In the patidal at the University 
College grounds on 3rd January 1948 at 7-30 P.M. Prof* S* P. Agharkar look the 
•chair. 

The following member.s were present:—Dr. S. L. Horn, Prof. P. Ray, Dr, U. P. 
Basil, Dr. B. Mukerji, Mr. A. Chatterjee, Dr. P* K. Ghosh, Dr. Vaidyanalhaswamy, 
J}r. M. A. Moghe, Dr. B. C. Kimdu, Mr. N. Sen, Mr* A. Chatterjee, Dr. B. N, Prasad, 
i)r. K C. Ukil, Prof, M, Sen- Gupta, Prof. B. B. Sarker. 
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1. The general discussion on the ways and means for the improvemeni of the 
work of the Association, which was left over on ist January, was resumed. Prof. 
Agharkar from the chair supported the proposal of Prof, J. N. Mukherjee made in the 
first meeting of the Council that a Committee should he set up* with all past Presidents, 
Secretaries and Treasurers of the ISCA to go into this question. He said that most 
of the officers would be coming to Calcutta in March in connection with the meeting of 
the National Institute of Sciences of India. If the General Secretary could get together 
all the relevant suggestions at that time, it might be possible for them to meet in 
Calcutta and discuss' them and finalise any concrete suggestions that might be forthcoming 
in the meantime from the Council members. It would also be necessary to have the 
accounts of the Association brought up to date before the meeting in March. 

Dr. B. Mukerji, General Secretary, stated that the interval between the termination 
of the Patna Session and the March meeting of the National Institute of Sciences at 
Calcutta is too short to get all the accounts, etc., ready for a meeting of the council 
at Calcutta, but he will make every effort to get the necessary materials ready hy that 
time. 

2. Consideration regarding the need for increasing the Membership' fee of the 
Association. Dr. B. Mukerji stated that the Membership of the Association now stands 
at about 1200 Ordinary Members and about 800 Sessional Members, including Associate 
and Student Members. The cost of supplying 4 parts of the Proceedings to the Ordi¬ 
nary Members and Full Session Members is gradually rising and last year it had been 
extremely difficult to secure paper. The funds at the disposal of the Association had 
never been sufficient to eanble this body to expand its activities in the way that it should 
have done. The responsibilities that lie on the largest scientific Association in India 
is of such magnitude that no further time should be lost in increasing the Membership 
of the Association and also raising the Membership fee from Rs. 12]-to Rs. The 
increase of Membership will naturally raise the status of the body and strengthen its 
influence all over India, but at the same time it would involve additional expenditure 
in connection with the distribution of the Proceedings to the Members. A rough calcii- 
lation of the cost of production at present appears to indicate that the printed material 
supplied to each Full Member costs the Association more than the anaount it draws 
from a Member as his individual Membership fee. But for the grant received from the 
Government and other endowments, it would not be possible for the Association to 
maintain this stndard for many more years to come. The Government of India have 
already been approached for an increased yearly grant. Even if this is granted, this 
must be supplemented with increased revenue which the Association should draw from 
its Membership fees. 

Prof, Agharkar stated that the increased Membership Jee should not be agreed to 
without going more deeply into the question, as one of the primary purpose of the ISCA 
is to, bring the message of science to the doors of the poorest scientific workers. In 
. view of the increased cost of living and in view of the fact that scientific workers in 
India are not treated very well financially, the raising of the Membership fee may mean 
the drifting away of a large number of junior Members, which would ultimately affect 
the scientific potential of the country. 

Dr. Hora supported Dr. Mukerji in the statement that the actual cost of printing 
4 volumes of the Proceedings and the correspondence and postage, etc. involved in keep¬ 
ing contact with individual members in these days would exceed the membership . fees 
realised from individual members. Addition of members tliercfore would be more a 
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liability than an asset to the association, as far as the financial side in' coiieerned. Bn 
B. N. Prasad was in favour of increasing: the revenue of the Associaticlfi through 
special approaches made to the Provincial Governments’ the Central Government and 
Universities. After these avenues are tapped and adequate response is found to he lack¬ 
ing, only then the proposal of Dr. Mukerji for an increase of the Membership fee should 
be agreed to. It was decided that the General Secretary be requested to enter into 
correspondence with the various bodies with a view to getting grants for the TSCA 
and report on the response received at a future meeting of the Council, if it could be 
arranged during the year 19.^8. 

3. Consideration of the recommendation of the Executive Committee to create 
‘a new post of Foreign Secretary, Dr. B. Mukerji stated that in view of the fact that 
more international contacts have to be developed between Indian science and world 
science, it seems desirable that the post of a Foreign Secretary to the TSCA be created 
with the following functions: 

(a) To effect co-ordination between scientific academics, societies, institutions and 
Government scientific departments and services outside India. 

(&) To represent internationally the scientific work in India, when called upon 
by the Executive Committee to do so, outside India. 

■ (r) To conduct correspondence with foreign countries relating to the business 
of the ISCA, to return thanks for presents from foreigners made to the 
• Association, and to forward to persons elected Honorary Members the 

Diplomas certifying their elections to the Association. 

' (d) To do and perform all other acts, matters and things that may assist in, 

' ■ co’nduce to or be necessary for the fulfilment of the above mentioned aims 

of the Association. 

Dr. A. C, Ukil, Prof. P. Ray, Dr. U. P. Basu, and Dr. K. Sawhney supported the 
proposal 

Prof. Agharkar from the chair said that the National Institute of Sciences of 
India has already been recognised by the Government of India as the consulting scientific 
body and this body has a Toreign Secretary’ who keeps contact with all foreign scienti¬ 
fic organisations on behalf of the Government of India and Indian scientists. It would 
not*be proper therefore to create another patstllel post of this type, which will lead 
\tltimately to strained relations between sister scieritific organisations in India. More¬ 
over, he'pointed out, the function^ suggested for this post are more or less the same as 
the functions of the Foreign Secretary of the NISI. After some discussion, in which 
Dr. Sanjiva Rao, Dr. B. C. Kundu, Dr. G. D. Valerao, Dr. Moghe and Dr. Prasad 
joined, it was ultimately decided to drop the idea for the present. 

The meeting termirJated with a vote of thanks to the chair. 

' EXECUTIVE COMMITTEE * 

, Ten- meetings of the Executive Committee were held during the year 1947-48. 
The, Amiual Repqrt published earlier gives the important items of business transacted 
exciting .those done at, the meetings held at Patna. Most of the business done at these 
meetings have; been reported to tlxe General Committee. 

^ . .SUB-COMMITTEE ON SCIENCE AND ITS SOCIAL RELATIONS 
■; : A m^ihg of the Sub-Committee* was held at ii A.M. at Patna on the 2nd Jaaua.y. 
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Members Present', Prof. M. N. Saha (in the chair), Mr. J. M. Sen (Cal.), Dr. 
H. K. Mitra (Jamshedpur), Prof. D. D. Kanga (x\dyar)# Dr. G. D. Bhalerao (Presi¬ 
dent, Med. & Vet. Section, Izatnagar), Dr. K. Sawhney (President, Agricultural 
Science, Hyderabad), and Dr. A, C. Ukil (Convener, Calcutta). 

1. The minutes of the meeting held on 25. 6. 47, which had previously been circu¬ 
lated, were confirmed. 

2. The Annual Report for 1947, which was circulated to the members present, was 
read and adopted, 

3. With regard to the future plan of work, the following proposals were accepted 
and recommended to the Executive Committee for necessary implementation; 

{a) With regard to the study of Sociology in Indian Universities, it was decided, 
to request the Universities to. have a chair of Sociology, with a well 
thought-out curriculum to suit Indian requirements. Prof. Benoy Kumar 
Sarkar was requested to suggest a tentative curriculum for consideration 
of the Sub-Committee. In this connection, it was resolved to request 
the Executive Committee to invite a distinguished Professor of Sociology 
from an American or British University as a delegate to the next session 
of the Indian Science Congress and to request him to advise some of 
the Universities in India on the establishment of a Department of Socio¬ 
logy, the respective Universities contributing towards the expenses of 
his stay. 

(&) to request the'Directors of Agriculture of provinces and the Universities 
who have a Degree course in Agriculture to include the subject of Rural 
Sociology in the Degree course in Agriculture. 

(c) to write to Prof. Joseph Needham of the UNESCO to indicate how best 
the Indian Science Congress Association, through its Sub-Committee on 
Science and its Social Relations, could co-operate with.the UNESCO. As 
‘‘Science & Culture!^ takes a good deal of interest in emphasizing the social 
functions of science, it was decided to r:jquest the Executive Committee 
to approach the UNESCO for some financial assistance to intensify its 
efforts in this direction. • 

{d) to make arrangements for the publication of popular articles in Science & 
Culture and other suitable periodicals. 

(zi) The members of the Sub-commillee were requested to continue to contribute 
popular articles on the social utilization of science and how to remove the 

lag between science and its applications in India. 

4. It was decided to present the following Resolution before the meeting of the 
General Committee to be held at the Patna Session:— 

In view of the fact that the study of Social Sciences has assumed an added 
importance in free India and in order to enlarge the scope of Psychology 
by incorporating Sociology into it, 

Be it resolved that the section of “Psychology and Educational Sciences” be here¬ 
after named the section of “Psychology, Educational and Social Sciences.” 

5. The subject for the next year's symposium was decided to be left to the Sub- 

Committee. .... 

6. The Sub-Committee- recommended the following members to constitute the Sub- 
Committee for the ensuing 12 months. 

(a) 4 representatives of the Executive Committee, vb,, the General President, 
the 2 General Secretaries and the Treasurer, ex-officio; 
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(h) Presidents of the 13 sections of the Indian Science Conpjress, ex-officio; and 
(c) The following memhors of the Indian Science Congress Association: Dr, 

Gilbert J. Fowler (Bangalore), Prof. D. D. Kanga (Aclyar), Dr. K. 
Motwani (Adyar), Prof. H. P. Maiti (Patna), Prof. M. N. Saha (Cal¬ 
cutta), Sir Sahib Singh Sokliey (Bombay), Mr. D. N. Waclia (Delhi), 
Prof. H. J. Bhabha (Bombay), Prof. Benoy Kumar Sarkar (Calcutta), 
Dr. H. K. Mitra (Jamshedpur), Dr. S. P. Agharkar (Bombay), Dr. K. D. 
Sawhney (Hyderabad), Dr. K. N. Bagchi (Calcutta), Prof. B. C. Gnha 
(Calcutta), Dr. G* D. Bhalerao (Izatnagar), Dr. A. C. Ukil (Calcutta) 
and Mr. J. M. Sen (Calcutta). 

Mr. J. M. Sen was elected Convener of the Sub-Committee, 

The President suggested that the following gentlemen, who were interested in the 
work of this Sub-Committee, might be requested to become members of the Indian 
Science Congress Association and then members of the Sub-Committee on Science and 
its Social Relations. 

. With .a. vote of thanks to the Chair, the meeting terminated. 

• ANNUAL REPORT OF THE SUB-COMMITTEE ON SCIENCE AND ITS 
SOCIAL RELATIONS FOR THE YEAR, 1947. 

t. In February, 1947 the following documents were forwarded to the member of 
the Sub-committee who were also requested to forward their suggestions for the next 
year’s symposium. 

(a) Minutes of the meeting of the Sub-committee held at Delhi on 2. l. 47, 
(b) Annpal Report for the year 1946, (c)a copy of the opening address 
of Mr. P* H. Kutar at the Symposium in “The! Social Aspects of Engi¬ 
neering” and (d) a Resume of the activities of the Sub-committee since its 

inception, with an Appendix on Aims and objects. 

2, The following subjects were suggested by the members as being suitable for the 
next year’s symposium :— 

(i) From atomic fission to world disintegration or world state or the Atom Bomb 

and after or Science and Scientists in the atomic age, or the positive role 
of scientists in the Atomic age (by Dr. H. K. Mitra' and Prof. D. D. 
Kanga), (2) Statistics in relation to human welfare (by Prof. P. C. 
Mahalanobis, (3) Food versus Currency (by Prof. Gilbert Fowler), 
(4) Science in its relation to nationalism, industrialism and communism (by 
Prof. P. Ray, (5) Science and the conflict of cultures, including the need 
for training in Social Sciences at University centres (by Dr. K. Motwani), 
(6) Agriculture in relation to Social Welfare in India fbv Dr. K. 

, SawhnQ^), (7) Psychology in the service of man (by Mr. J. M. Sen), 
(8) Tribal administration (by Dr. A. Chatterjee), (9) Parasitology in 
relation to national economy (by Dr. G. D. Bhalerao), (10) Social work 
in India (by Prof. B. K. Sarkar), (ii) Food and World population, or 
Drug addition and Civilisation, or Medicine and Human welfare (by Dr. 
B. Mukerji). 

3, A meeting of the Sub-committee was held on 25. 6. 47 to finally choose the 
subject and to select the opener for the Symposium to be held at the Patna session of 
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the Science Congress to be held in January, 1948. It was proposed that Prof; B. C. 
Guha be requested to open the symposium on “Food and World Population.” It was 
also proposed that Prof, P. C. Mahalanobis, Dr. Radhakamal Mukherji and V, K. R. V. 
Rao be invited to contribute to the Symposium. They were written to on 29. 7, 47, and 
lately advance copies of the printed address of Prof. B.'C. Guha have been sent to them 
for perusal and preparation of their own notes. 

4. Prof. H. J. Bhabha was requested to suggest if and how the Indian Science 
Congress Association could co-operate wdth UNESCO, particularly with regard to the 
activities of the Sub-committee on Science and its Social Relations. No reply has yet 
been received from Prof. Bhabha. 

5. In terms of the decision contained in clauses (/?) and (c) of the Scope of the 
Indian Science Congress (194b), the members of the Sub-committee were requested to 
write popular articles on selected subjects indicating the lag between scientific advance 
and its applications to human welfare in India. As a result of this appeal, the following { 
contributions have been received for publication in some of the leading journals of' 
India:— 

(1) Food versus Currency by Gilbert Fowler. 

(2) The fundamentals of the new Indian Civilization by Prof. D. D. Kanga. 

6. In view of the fact that the Indian Science Congress Association, through its 
Sub-committee on Science and its Social Relations has been discussing the impact of 
Science on society and in view of the fact that the Inter-University Board and the 
Central Advisory Board of Education had passed resolutions requesting the Indian 
Universities to introduce Sociology as a subject for study in the undergraduate and 
post-graduate stages of the curriculum, the Committee requested Dr. K. Motwani to make 
a study of the status of Sociology in the various Universities in India. The different 
universities in India were addressed in July, 1947. The following is a summary of the 
replies received up to the end of November, 1947, 

(1) University of Mysore —The subject is included in the curriculum for the 

Pass and Honours Degree Course. 

(2) University of Delhi —No provision. 

(3) University of Ceylon —The University has agreed in principle to the esta¬ 

blishment of a Chair in Social Sciences and arrangements are being made 
to appoint a suitable Professor from Overseas. 

(4) University of Dacca —Sociology is a subject for graduate and Post-graduate 

courses. It forms a paper in the M.A. course in Philosophy and a paper 
in B.A. Honours course in Political Science. 

(5) University of Agra —^The subject is included in the B.A. course, but not yet 

in the M.A. course. Only one affiliated college vis., Indore Christian 
College has been recognised in Sociology for the B.A. Standard, bht so fa'i* 
no classes have been started by that College, 

(6) University of -Sociology is an optional subject for the Intermediate 

in Arts and B.A. Examinations. The University has applied to the pro^ 
vincial Government for grant for the creation of a 'Chair in Sodi6i6gy^ 
The main difficulty is financial. ' ^ 

7. On account of certain unforeseen difficulties, the office of .the Inddan Scic^ 

‘ Congress Association could not print the Brochure on the scope* functions a*]{d acf;iyi|i^ 

of the Sub-committee. The Sub-committee requested the Executive Comniittee of die 
h S* Qf A, for 1948 to attend to this. 
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8. As all the correspondence connected with the work o£ this Sub-committee was 
carried on by the office of the Indian Science Congress Association the balance to the 
credit of the Sub-committee at the end of December, 1947 stood at Rs. 124-4-6, the same 
figure as at the end of 1946. 

Submitted on. behalf of the Sub-committee on 'Science and its Social Relations for 
the year 1947. 

A. C. UKil, 
Convener. 


RESOLUTIONS OF SECTIONAL COMMITTEES 

SECTION OF GEOLOGY AND GEOGRAPHY 

(i) Resolved that the two members representing the sectional Committees be elected 
by the respective sectional Committees and not by the General Committee. 

((«) If necessary, the constitution be amended to give effect to the resolution. 

SECTION OF BOTANY 

The Botany Section of Indian Science Congress Association at its meeting held at 
Patna on the 7th January, 1948, considered the difficulties of Scientists desirous of carry¬ 
ing taxonomic studies of Indian plants arising from the non-availability of type-speci¬ 
mens of Indian species in the country and resolved to urge the Government of India 
to take necessary measures to make these available to Indian Botanists as early as 
possible. 

During the course of discussion on the subject, it was pointed out that many type 
specimens went out of the country in tlie past owing to the absence of any regulations 
regarding their obligatory return to this country when Indian collections were scut 
out to specialists in Great Britain and other foreign countries for study and determina¬ 
tion. This has been particularly the case with regard to specimens sent to Great Britain. 

It was tlie usual Practice to send entire collections made by officers of the Govern¬ 
ment of India as well as the provincial governments in early days to relevant specialists 
arid later to Kew for being worked out with the help of British and foreign specialists. 
When parts of these collections were returned, it was found that the types had been 
retamed. Portions of the collections returned usually included only duplicates and tripli¬ 
cates while the most .interesting specimens comprising those on which new species and 
varieties were almost invariably retained. 

,, Even when vast collections of Indian plants, like the Wallichian Collections, made at 
^ Cpst of the East India Company and later the Indian Governments were distributed, 
Indi^ Institutions were not included in these. It thus happens that the Sibpur Herba¬ 
rium has no complete set of the Wallichian Collections, comprising more than 8,000 
mimbers,.,, The aame is true as regards many other collections distributed subsequently. 
Large collections were made by officers of the Botanical Survey or by officers of the 
Proyindal Botanical departments (Bombay, Madras and Northern India), during the 
course of their duties have often been taken by them to England on their retirement 
from India, and finally deposited at Kew, British Museum or similar institutions abroad. 
The s^e may be said about the collections made by officers of the Agricultural, Forest 
and education department which have mostly gone out of the country. 

Now that the Government of India are contemplating the sending out of a fact 
C^mnlssioa to Englaxid to determine the nature and ownership of the collections 
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o£ Indian House, the members of the Botany Section urge tlic Government of India 
to associate with the subject who will be able to help in dcLcrmining the whereabouts 
of these priceless specimens and suggest measures for their being brought back to India. 

2. The Botany Section also resolve to appoint a committee of the following to 
prepare a comprehensive memorandum regarding tlie subject and send it to the Govern¬ 
ment of India: (i) Prof. S. P. Agharkar (Secretary), (2) Dr. K. P. Biswas, and 
(3) Mr. A. K. Ghosh. 

3, It is resolved that an advance copy of the above resolutions be sent to the 
Secretary, Agriculture and Education Department, Government of India, New Delhi. 

SECTION OF ZOOLOGY AND ENTOAfOLOGY 

Resolved that the Section of Zoology and Entomology recommend to the Executive 
Committee that to ensure the transaction of Scientific business before the Congress in 
all seriousness, the following procedure may be adopted from the next Session:— 

(i) Opening session should be held in the forenoon of the 2nd January and that 

the Sectional Committees should meet in the afternoon to conduct the 
official business of the section, to draw up a time table for the reading of 
the papers, and to consider matters of general importance pertaining to each 
section. 

(ii) On the 2nd and the 3rd working days of the session, scientific meetings 

should be held both in the forenoon, and afternoon and that excursions and 
general meetings should not be arranged in these two days. 

(izO All sectional Presidential addresses should be so arranged as to be delivered 
on the 2nd and the 3rd working days, bearing in mind that no two addresses 
on biological or physical sciences subjects are taken up simultaneously. In 
the absence of the General President, the seniormost past president, of the 
section should preside when the Sectional address is read. 

(zV) The abstracts in each Section should be classified into those to be read 
personally by the authors and those to be taken as read in absentia. 

(z^) So far as possible discussions should be recorded in the sectional Registers 
and that the Sectional President in collaboration with the members of the 
Sectional Committee should review the progress and trend of research for 
submission to the Executive Committee for publication in the proceedings. 

SECTION OF PSYCHOLOGY AND EDUCATIONAL SCIENCE 

(0 The Psychology and Educational Science Section of the 3Sth Indian Science 
Congress assembled at Patna (1948) unanimously resolves that the Govern-- 
ment of India be requested to introduce Psychology in the list of subjects 
for selective examination of the Indian Administrative Service. 

(ti) Resolved that the Government of India and the Governments of the consti--*-' 
tuents members of the Indian Union be requested to arrange for the full 
utilisation of Psychological Knowledge and technique in their expanding 
educational programmes by encouraging the Psychological research of edu¬ 
cational problems, by the training of Sectional Psychologists and the esta¬ 
blishment of Institutes of Applied Psychology. 

(liz) Resolved that Dr. Zakir Hussain be authorised to lake all necessary step& 
for implementing these resolutions and report to the section during the nexi 
Session of the Indian Science Congress. 
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ENGINEERING AND METALLURGY 

Renaming of the Engineering and Metallurgy Section: 

The question of renaming o,[ the Engineering utid Metallurgy section as printed in 
page 6 of the Annual Report was next discussed in the ineqting. Tlie Goniinittec was 
unanimously of the opinion tliat, in view if tlie fact lluit this sccli<.>n was continually 
progressing year after year owihg to (he increased interest taken l»y the ICngincering 
profession in the Indian Science C'ongrcss, that an Indian Institution of Chemical Engi¬ 
neers and an Indian Institute of Aletals wore recently lonnccl in India, the existing name 
of the Section should not be changed at present. 

11. RULES AND REGULATINS 

RULES 

1. The name of the Association shall be the Indian Science Congress Association^ 
and its objects shall be the advancement of Science in India by the annual holding of 
a Congress and the doing of all such things as arc incidental or conducive to the above 
object, including— 

(a) the holding and management of funds and property; 

(b) the acquisition of rights and privileges necessary or convenient for the object 

of the Association; 

(c) the management, development, improvement, disposal and sale of all and any, 

pai'ts of the property of the Association. 

2 . The Association shall consist of Ordinary Members, Sustaining Members, Bene¬ 
factors, Honorary Members and Session Members. 

3. Ordinary Members of the Association shall have the right to contribute papers 
for reading at the Session of the Congress, to receive free of charge all publications 
issued by the Association, and to fill any office in the Association on being duly elected 
thereto. 

4. The annual subscription of Ordinary Members sliall be Rs. 12. subscrip- 
tiofi slxall become due on the 1st February of each year and shall only be clTcciive as 
payment for Ordinary Membership subscription if received before the iSth July of 
the year. 

5. Any Ordinary Member may compound for the payment of all future annual^, 
subscriptions by the payment in a smgle sum of Rs. 150. 

6 . Any Ordinary Member agreeing to pay one additional subscription (Rs. 12) 
during his period of membership shall be called Sustaining Member. 

7. Any person paying a lump sum of Rs. 50O or more Or any institution paying 
a lump sum of Rs. 1,000 or more shall be a Benefactor of the Association, subject to the 
approval of tlie Executive Committee. Benefactors riiall have all rights and privileges 
of Ordinary Members during their lifetime. 

An institutional Benefactor shall have the right to nominate one person as Ordinary 
Member of die Association. 

8. Honorary Member shall have ail the rights and privileges of Ordinary Members 
Honorary Members, the number of whom sliall be limited to fifteen at any one time, 
shah be persons eminent for their contributions to science or persons who have renderbd 
iponsph^iious services to the cause of science in India. 
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Honorary Members shall be unanimously nominaled by the Executive Committee 
subject to confirmation by the Council and the General Committee at its annual meeting. 
Not more than ore Honoiary Member shall be elected in any year. 

9. There shall be three classes of Session Members:— 

(a) Full Session Member—subscription Rs. 12 per Session. 

(b) Associate Session Members—subscription Rs. 5 per Session. 

(V) Student Session Members—«;tibscription Rs. 2 per Session. 

10. Full Session Members shall have the right to contribute papers for reading 
at the Session of the Congress, and to receive free of'’charge all publications issued by 
the Association relating to the Session of the Congress of which they are Members, 

Associate and Student Session Members shall have the right to submit papers for 
■reading at the Session of the Congress of which they are Members, provided such papers 
be communicated through an Ordinary or an Honorary Member of the Association. 

A Student Member shall before admission be duly certified by the head of his or her 
institution to be a homfide student. 

Associate and Student Session Members shall receive free of cost the Abstracts of 
Paper contributed for the Session of which they are members. 

11. The official year of the Association shall commence from the ist of February, 

12. There shall be Officers of the Association consisting of the members of the 
Executive Committee and Presidents and Recorders of Sections. 

13. Only Ordinary and Honorary Members shall hold office in the Association, 

14. The term of office of all Officers of the. Association except the President shall 
commence from the beginning of the official year and shall extend until the assumptiOTi 
of office by their successors, appointed in accordance with the provisions of these Rule.s. 
The President shall assume office on the opening day of the Annual Congress following 
the one at which he is appointed, and shall continue to hold office until the assumptipu 
of office by his successor. 

15. There shall be an Executive Committee which shall carry on the administrative 
work of the Association and submit such questions as it thinks desirable to a General 
Committee at its Annual Meeting during the Session of the Congress or at a Special 
Meeting of which due notice shall have been given. 

16. The Executive Committee shall consist of the President, the President-elect 
for the following year, the two General Secretaries, the Treasurer and ten Members, 
Ordinary or Honorary, elected by the General Committee. For the purpose of this 
election any Ordinary or Honorary Member may propose the name of an Ordinary or 
an Honorary Member for election to the Executive Committee. Such proposal must 
be seconded by another Ordinary or Honorary Member and must reach the General 
Secretary before the 15th September. The Executive Committee shall circulate the 
names, together with such other names, not exceeding three, as it may suggest, to all 
Ordinary and Honorary Members for election by ballot. The ballot, papers will be 
sc^utinii^d by the President or his nominee and the General Secretaries, and the 
results of the ballot will be announced at die meeting of the General Committee. 

Ordinary or Honorarj^ Members, who have been elected members of the Executive 
Committee for tliree successive years, shall not be eligible for election as members for 
, a period of two years after the completion of their term of appointment 

The Executive Committee shall co-opt as member at least one and not more than 
two Local Secretaries for the ensuing Session of the Congress. 
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17. The Executive Committee shall have full- power to transact all business in 
cases of emergency, notwithstanding any limitations hereinafter laid down, and to deal 
with all matters not otherwise provided for in these Rules, including the making of such 
Regulations as majj appear conducive to the good administration of the Association 
and the attainment of its object; provided always that such Regulations be not inconsistent 
with anything contained in these Rules, that they be reported for the information of 
the next meeting of the General Coimnilleo, and that they be subject to rescission or 
alteration by the Executive Committee or by any meeting of the General Committee. 

18. Tbere shall he a General Committee which shall consist of all Ordinary and 
Honorary Members of the Association. 

19. The General Committee shall meet at least once during each Session of the^ 
Congress, preferably, in the middle of the Session. 

20. There shall be a Council which shall consist of all Members of the Executive 
Committee, and all such Ordinary and Honorary Members of the Association as have 
held office as President, General Secretary, Treasurer, or Managing Secretary of the 
Association, the Sectional Presidents for the ensuing Session, and in’ addition seven 
Members of the Association, Ordinary or Honorary, elected by the General Committee, 
For the purpose of this election any Ordinary or Honorary Member may propose the 
name of an Ordinary or an Honorary Member for election to the Council. Such pro¬ 
posal must be seconded by another Ordinary or Honorary Member and must reach the 
General Secretary before the isth September. The Executive Committee shall 
circulate these names, together with such other names, not exceeding three, as it may 
suggest, to all Ordinary and Honorary Members for election by ballot. The ballot 
papers will be scrutinized by the President or his nominee and the General Secretaries, 
and the results of the ballot will be announced at the meeting of the General Committee. 

. 21. The function of the Council shall be to act as a body of advisers to be consulted 
by the Executive Committee on important questions o£ policy or scientific import. 

22. There shall be a President who shall be nominated by the Executive Committee^ 

md whose nomination shall be submitted to the General Committee at its Annual Meeting 
during the Session of the Congress for confirmation. < 

23. There shall be two General Secretaries (one of whom shall be resident in 
Calcutta) who shall be nominated by the Executive Committee and whose nomination 
shall be submitted to the General Committee at its Annual Meeting during the Session of 
the Congress for confirmation. 

24. There shall be. a Treasurer who shall be nominated by the Executive Committee 
and whose nomination shall be submitted for confirmation to the General Committee at' 
its Annual Meeting during the Session of tlie Congress. 

25. The term of office of. each General Secretary and of the Treasurer shall be, 
; for a period of five years following the confirmation of the appointment by the General 

Committee. They shall not be eligible for re-election to the office for a period of three ^ 
years after the termination of their appointment. 

26. In the event of a vacancy amongst the General Secretaries and the Treasurer 
pccurring between two Sessions of the Congress the Executive Committee shall have 
power to appoint a General Secretary or the Treasurer for the period up to the termina¬ 
tion of the next Session of tlie Congress. 

27* There shall be a Local Secretary or Local Secretaries for each Session o£ the 
Congress who shall be appointed by the Executive Commrttee. 

28. There .shall , be a Local Committee for each Session of the Congress which shall 
be appointed by the Executive Committee. 
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29. The Local Secretary, or Secretaries, and the Local Committee shall jointly, 
on behalf of and in consultation with the Executive Committee, make all necessary 
arrangements for the holding of the Session of the Congress. 

30. For the purpose of scientific deliberations during the Session of the Congress 
there shall be such Sections corresponding to different branches of science as may from 
time to lime be constituted by the General Committee on the recommendation of the 
Executive Committee. It shall be competent for any Section after the first day's 
meeting to hold its scientific meetings in sub-sections for the purpose of dealing separately 
with different groups of papers submitted to that Section. A separate Chairman may be 
appointed by the Sectional President in consulation with the Sectional Committee to 
preside over each sub-section, 

31. There shall be in each Section a President and a Recorder, who shall be appoint¬ 
ed by the Sectional Committee in accordance with the procedure laid down in Regula¬ 
tion 1(8). Where this procedure has not been followed, these appointments shall 
be made by the Executive Committee. The appointments shall be placed for confirma¬ 
tion before the General Committee. In addition there shall be a Sectional Correspon¬ 
dent and a Local Sectional Secretary, who shall be appointed by the Executive Com¬ 
mittee. 

32. In each Section there shall be Sectional Officers, namely, a President, a 
Recorder, a Sectional Correspondent, and a Local Sectional Secretary. The President 
and the Recorder shall be the chief executive officers of the Section. They shall have 
power to act on behalf of the Sectional Committee in any matter of urgency which 
cannot be brought before the Sectional Committee for consideration, and they shall 
report such action to the Sectional Committee at its next meeting. 

The work of each Section shall be conducted by a Sectional Committee which shall 
be constituted as follows:— 

(a) Sectional Officers. 

(h) All Ordinary and Honorary Members of the Association who have been 
Presidents or Recorders of the Section. 

(c) Ywo Members of the Association, Ordinary or Honorary, elected by the 
General ^Committee at its Annual Meeting during the Session of the 
Congress. 

The Sectional President shall preside over all meetings of the Section and of the 
Sectional Committee. He shall be the convener of the meetings of the Sectional Com¬ 
mittee. His ruling shall be final on all points of order that may arise. 

The Sectional Recorder shall act as the Secretary of the Sectional Committee, and 
■'shall maintain a proper record of the proceedings of the Sectional Committee and 
of the Section in a book provided for the purpose. He shall be responsible for the 
punctual transmission to the General Secretary of the recommendations adopted by the 
Sectional Committee, and of resolutions adopted by the Section. 

The Sectional Correspondent shall be resident at the headquarters of the Association, 
and shall be responsible for preparing for the press the material relating to his Section, 
according to the instructions of the Sectional President. 

The Local Sectional Secretary shall be resident in the locality where the Annual 
Session is held, and shall^ be responsible for all local arrangements for the work of his 
Section, and for arranging the Sectional excursion§ in consultation with the 
Secretaries. 
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33. The Sectional Committee shall meet on the opening day of each Session of 
the Congress, and daily thereafter during the Session before the meeting of the Session 
unless otherwise determined at a meeting of the Sectional Committee. 

In the absence of the Sectional President fi'om any of its meetings the most senior 
member of the Sectional Committee present shall take the chair. 

In thdr meeting on the opening day they shall 

(a) elect a Sectional President and a Sectional Recorder for the ensuing year 
in accordance with the procedure laid down in Reg. i (8) ; 

(&) determine the detailed arrangements for the Sectional meetings; 

(r) select the papers to be read and discussed; 

and in their meetings during the Session they shall also 
(dj nominate a Sectional Correspondent and a Local Sectional Secretary for 
the ensuing year for the consideration of the Executive Committee; 

(e) determine the contents of the Sectional records in the Proceedings in accor¬ 
dance with Rule 34(e); 

(/) consider means of improving the scientific work of the Section, and make 
suggestions to the Executive Committee whenever considered necessary; 

(ff) select topics for discussions at the next Session of the Congress and make 
necessary arrangements (i) through the President of the Section concerned 
for discussions within a Section, and (n) through the Sectional President 
who has initiated the proposal for a discussion in which more than one 

Section will participate. 

34(d) All papers submitted for reading at the next Session for the Congress shall 
be forwarded to the General Secretary so as to reach him not later than September 15th 
i 0f the calendar year preceding the Session of the Congress at which the papers are 
intended'to be read, provided that this date may be changed by the Executive Committee 

for special reasons. 

(&) Any paper submitted for reading at the Section of the Congress shall be 
accompanied by an abstract in triplicate. 

. (c) All papers submitted for reading at a Session of the Congress shall be 
checked by the Sectional Correspondent concerned or by such person 
or persons appointed by the General Secretary. The paper together with 
a copy each of the abstracts shall then be sent to the Sectional President 
concerned (for refereeing and acceptance. Decisions with regard to 
acceptance or rejection of any paper shall be final and all reports confidential. 

(d) No paper published elsewhere shall be accepted. 

(g) Only abstracts of the paper received by the General Secretary before Septem¬ 
ber 15th in accordance with Rule 34 (cp), (&) and (c) shall be printed in 
part III of the Proceedings. In exceptional circumstances, abstracts of 
papers received after that date and read before the Section, if specially 
recommended by the Sectional Committee, may be printed in Part IV. 

35, Th^ Proceedings of the Indian Science Congress Association shall be published 
in one volume in four separate parts, as follows:— 

I, To contain the list of officers, the Proceedings of the opening meeting (except 
the Gmeral President's Address) and all official matters 

11 . To cojatain the Presidential Addresses. To be distributed to .those present 
at the meeting after the addresses have been delivered, and to absent 
Ordinary, Honorary and Full Session Members by post after the meeting. 
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,IIL To contain the abstracts o^ papers to be read before the Sections which are 
received before September 15th in accordance with Rule 34M*' 
abstracts shall be included in this volume from authors who have not 
enrolled themselves as Members of the Association. To be distributed 
in advance of the meeting to all Members of the Association. 

IV. To contain the discussions, the abstracts accepted in accordance with 

Rule 34(e), the list of members and the index. 

36. The following procedure shall be observed for the making of any addition 
to or alteration in the Rules of the Association:— 

(t) Proposals for additions to and alterations in the existing Rules may be 
placed at any time before the General Committee by the Executive Com¬ 
mittee, 

(m) (a) Proposals for additions to and alterations in the existing Rules by 
any Ordinary or Honorary Member of the Association shall be sent 
to one of the General Secretaries so as to reach him two full months 
before the meeting of the General Committee in which they are to 
be moved. 

(6) One of the General Secretaries shall circulate such proposals to all 
Ordinary and Honorary Members of the Association at least one fuU 
month before tlie General Committee. 

(c) Any amendments to the proposals shall be sent by any Ordinary or 

PIonorai*y Member of the Association to one of the General Secre¬ 
taries so as to reach him at least a fortnight before the meeting of 
tlie General Committee. 

(d) The proposals together with any amendments shall be brought up 

before the meeting of the General Committee at the Annual Meeting 
during the Session of the Congress together with any remarks of 
the Executive Committee and declared carried if accepted by a 
two-thirds majority of tlie constituent Members present and voting 
at the meeting. 

(Adopted the 5th January, 1931. Revised the 5th January, 1935, the 6th January, 
1936, the 5th January, 1937, the 8th January, 1939, the 6th January, 1940, the Sth 
January, 1942, the 4tli January, 1943, the 5th January, 1945 and the 5th January 1948). 

REGULATIONS 

L Sectional Oepicers. 

(1) The President delivers a Presidential Address of which ordinarily the cost of 
printing 16 pages of the Proceedings in its usual form shall be borne by the Indiat 
Science Congress Association and any author exceeding the limit shall bear the extra 
cost^ provided tliat in no case the Presidential Address shall exceed 25 pages. The 
time available for delivery of die Presidential Address shall usually not exceed 25 minuter 
The mapuscript of the address, ready for the press, should be received by the G^eral 
Secretary before October 15th of the calendar year preceding the Session of thej Coirjgr©?f 
at which the address will be delivered, provided that tlxis date may be changed,. t|jt^ 
Executive Committee for special reasons. It should be accompanied by 12 copies <>1 
a short popular summary (about 500 words) for issue to tlie lay iiress. The an(f 
date of the delivery of the President's Address will be cCmmunicated before th^ meeth^ 
of the Congress, No two Presidential Addresses will be delivered at ,the s^xe 
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(2) The President shall be entitled to receive 30 copies of his address witliouf 
charge, and additional copies at the cost of reproduction. 

(•3) Railway fares, postage, clerical or other expenses incurred by the Sectional 
t^resicierits will not be paid by the Association. 

(4) The following procedure is adopted for the collection of papers for the 
Sections:— 

About the middle of April a number of copies of a printed circular will forwarded 
to the President of each Section who may arrange to send these to workers in that 
branch of science with which his Section is conceirned, requesting them to contribute 
papers for reading before the next meeting of the Congress. j 

The circular will contain a clause inviting such workers as arc not yet Ordinary 
Members of the Association to join as such. Particular note should be taken of tU 
fact that no new Ordinary Members are enrolled after the I5tli July of the year. 

In the case of joint papers, each author must be a Member of some category. | 

(5) The President referees, either in person or by proxy, the papers received for 
reading before his section in accordance with Rule 34- 

Abstracts should be limited, except in very special cases, to about 200 words. 
Long abstracts should be reduced by the President, References to literature in abs¬ 
tracts should be avoided as far as possible and when given should conform to the system 
of abbreviation used by the Association. 

The contents of all abstracts should be carefully checked by the Sectional Corres¬ 
pondent concerned or by such person or persons as appointed by the General Secretary 
and the abstracts shall then be sent to the Sectional President for his final scrutiny and 
approval. 

Joint discussions on related papers may be held. Authors of papers should be 
informed of the lime allotted by the President to the reading of their papers. An 
author contributing more than one paper should be asked to specify which of theim 
he would prefer to read at the meeting. 

(6) The President, in consultation with the Loc^ Sectional Secretary, shall mak« 
wangements for such local Sectional excursions as seem desirable. Due notice shall 
be given to the General Secretaries of ail such arrangements. 

(7) The President and the Recorder should, in consultation with other members 
of the Sectional Committee, make proposals to the General Secretary regarding the 
programme of the Section, Such proposals should reach the General Secretary not 
later than the ist November, so as to enable the necessary details to be entered in the 
programme. General discussions on questions of importance, held either by a single 
Se<rt:ion or jointly by two or more Sections, should be encouraged. 

The Sectional Presidents concerned shall communicate to the General Secretary 
before the end of July the titles of such discussions, the names of the speakers and such 
further information as may be considered necessary. 

The Papers, together with three copies of abstracts, to be read by the contributors 
at a discussion shall be sent to the General Secretary on or before the isth September 
of the preceding calendar year by the Sectional President concerned. 

; “XiiR materials relating to a discussion, in a form ready for the press, shall be 
communicated to the General Secretary within a month from the date on which the 
dis^sion takes place; tlie material not received by the General Secretary within this 
period shall not be published 
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The President and the Recorder of the Section arranging a discussion shall carry 
out the necessary correspondence throughout the year during which they hold office. 

(8) Early in November copies of a printed form will be issued to Presidents of 
Sections for circulation to members of the Sectional Committees requesting tliem to 
nominate a President and a Recorder for the ensuing meeting for consideration by the 
Sectional Committee. Such proposals shall be accompanied by a statement of quali¬ 
fications of the nominees for the office and their willingness to accept the same if elected 
thereto. 

During the first week of December, the President of each Section shall circulate 
all such proposals received t)y him, together with the statements of qualifications, to 
■the members of the Sectional Committee and request them to nominate by ballot one 
•■member for each office from among the list circulated, the ballot papers being received 
by him up to the 20th December. 

At the first meeting of the Sectional Committee held on the opening day, the ballot 
papers shall be opened and scrutinized as the Chairman shall direct and the result com¬ 
municated to the Executive Committee for consideration, together with a complete 
record of the Proceedings in this connection. 

(9) The duties of the Sectional Correspondent and of the Local Sectional Secretary 
are given in Rules 32 and 34 (c). 

(10) All persons entitled to be members of the Sectional Committee should enrol 
themselves without delay as Ordinary Members if not already so enrolled and should 
inform the General Secretary of the payment of their subscription when accepting the 
appointment. 

(11) The General Secretary should be consulted whenever any question arises not 
dealt with in these regulations* 

11. Local Arrangements 

In accordance with the Rules of the Association, the Local Secretaries and the 
Local Committee shall jointly, on behalf of and in 'consultation with the Executive 
^Committee, make all necessary arrangements for holding the Session of the Congress, 

The following arrangements have to be made:— 

A, Accommodation for the Scientific Meetings 

(1) A large hall should be available for (a) the President’s address on the opening 
day, and (&) for the evening lectures. Both (a) and (&) are open to the public free 
of charge. A projection lantern with an operator should be available in this room, and 
it is a great advantage if loud speakers can be installed. 

(2) Rooms for the meetings of the different Sections of the Congress should be 
provided and suitably furnished. An epidiascope with an operator should be provided 
in‘each sectional room. All the rooms should be as far as possible in, close prbximity. 
I'he following are the Sections of the Congress 

Mathematics, Statistics, Physics, Chemistry, Geology and Geography, -Botany, 
Zbblogy and Entomology, Anthropology and Archaeology, Medical and Veterinary 
Sciehces, Agricultural Sciences, Physiolog>^, Psychology and Educational Science, and 
Shgineering and Metallurgy. 

(3) A Reception room should be provided in which members can get information, 
%rite letters, etc. The Local Secretaries' Office should be as near as possible to this 
todm. An arrangement should be made with the Posthiaster-Geneml to have a tempo¬ 
rary Post Oflice in this room for all letters addressed to mOTibets c/o The Tndian 
Science Congress to be delivered here. The Indian Science Congress Post Office should 

Tbe situated as near as possible to the Reception room. 
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(4) A room near the Reception room should be set apart for the General Secretaries’ 
Office, which will be opened therein from the 31st December. 

(5) Provision should be made for lunch in European and Indian styles at moderate 
charges near the Reception room. 

B. Accommodation for Visiting Meinhers 

The Local Secretaries should send out, not later than the end of November, a printed 
circular to all members enrolled, asking them if they desire that accommodation should 
be arranged for them. It is desirable, as far as possible, to provide private hospitality 
for the President, Sectional Presidents and Officers of the Congress. In this circuit 
information should be given regarding the types of accommodation available, with the 
charges, and the nature of the climate during the Session. The Local Secretaries will 
receive periodically from the General Secretary list of members enrolled at headquarters. 

C. Programme of the Meeting 

(1) (a) The Sections of the Congress meet daily in the morning generally from 

A.M. 

( 5 ) Presidential Addresses of the Sections shall commence from 9-30 a.m. 
(c) There should be no afternoon Presidential Addresses of the Sections. 

.(d) Symposia or joint discussions will be held either in the morning or from 

2 P.M. 

(2) Public lectures are arranged hy the Executive Committee, and are given at 
6 P.M. or 6-30 P.M. 

(3) A printed guide with a map of the locality in which the Congress is* held should 
be prepared for distribution to members on the opening day. Only Ordinary, Honorary 
and Full Session members are entitled to the Guide Book free of cost. A small charge 
not exceeding Re. i (to be fixed by the Local Committee) may be made to other members 
desiring to have a copy. The Guide Book should contain a summary of information 
concerning the scientific and educational activities and a short history of the locality, 
in. addition to general information likely to be of use to visitors. 

(4) An-angements should be made for giving the publicity to the activities of the 
Congress, both before and during the meeting, 

(5) A list of members with their local addresses where known should be printe-^ 

, smd distributed on the opening day. A supplementary list should be typed and ^poste^ 

, in the!Reception room and maintained uprtchdate. The Lpcal Secretaries shall arrange 
dor this, 

(6) A provisional programme of social eiigagements, should be drawn up by the 
Local Secretaries and sent to the General-Secretary, by the 2Sth November, It is essen¬ 
tial »that diis be sent in time, ,as it has to be printed and distributed witli the abstracts by 
,dfae first week of December. 

The General Secretary will make artatigements for printing the programme drafted 

above and distributing those to members enrolled at the time of the distribution of 
^the abstracts. 

The final programme shall be printed locally by Local Committee- in time for the 
-opening of the Session. 

D, General 

to (i) Numbered badges for members of the Congress will be sent by the General 
Secretary to tl^e Local Secretaries for distribution on the opening day of the meeting. 
The badges should, bear numbers corresponding to the enrolment numbers. There should 
)>e additional badges for Officers 
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(2) Members of the Local Reception Committee who have made substantial con¬ 
tributions to the funds of the Local Committee may be given complementary tickets 
to attend tiie meetings. 

(3) An audited copy of the accounts of the Local Committee should be scut to the 
General Secretary not later than the 30th April, following the Session, for inclusion in 
the Proceedings of the Session. It is desirable that the Local Committee should con¬ 
tribute any surplus to the reserve fund of the Association. 

(4) Twelve copies each of all local publications connected with the’Congress (Guide 
Book, final programme, notices, cards, etc.) should be sent to the office of the Associa¬ 
tion for record at the conclusion of the meeting.. 

(5) Applications for membership will ordinarily be dealt with by the General Secre¬ 
tary at the Office of the Association up to the 15th December. After that date applica¬ 
tions for membership will be forwarded to the Local 'Secretaries, who will open a separate 
account for the sale of membership tickets. The amount thus realized, together with 
unsold tickets, should be forwarded to‘ the General Secretary immediately after the 
close of the Congress. 

III. Financial 

(1) The accounts of the Association shall be audited once a year and the books 
closed on the 30th November each year for this purpose. 

(2) The audited accounts shall be placed before the General Committee at the 
Annual Meeting with the observations, if any, of the Executive Committee. 

(3) Sanction for all payments for amounts exceeding Rs. 100 shall be obtained 
from the Finance Committee which shall consists of the General Secretaries, the Treasurer 
and one Ordinary or Honorary Member resident in Calcutta who shall be nominated 
by the Executive Committee. 

(4) Amounts received on account of Life Meilibership Subscription shall be credited 
to the Reserve Fund of tlic Association.. 

IV. Election of Representatives op Association by the Executive Committee 

(1) A letter shall be issued asking for nominations giving a last date therefor. 

(2) The proposer should ascertain whether the person he proposes is desirous of 
serving in that particular capacity. 

(3) After the nominations have been received the names should be circulated in a 
ballot paper and the date for return should be fixed two weeks after the ballot paper 
is sent out 

V. Nomination of General President 

(1) The General Secretary shall invite nominations for the office of General Presi¬ 
dent of the Association, two years in advance, by a circular letter to the members of the 
Council, not later than the 15th of October. Such circular shall include a list of the 
General Presidents of the past 15 years, and the branches of science in which they had 
specialized. 

Nominations shall reach the General Secretary not later than the 15th of November. 

(2) The General Secretary shall circulate the nominations received to the members 
of the Executive Committee for expression of opinion on or before the 30th November, 
Such opinions shall reach the General Secretary not later than the I5tli of December. 

(3) The nominations, together with the views of members thereon, shall be placed 
for decision before a meeting of the Executive Committee to be held on the day previous 
to the commencement of the Session of the Congress. 

{Adopted the Sth January, 1937. Revised the 8th January, 1939, the 6th January,, 
1940, tlie 6th January, 1941, the 5th January, 1942, the 4th January, 1943 and the 5th 
January, 1945). 



64 £. Proceedings of Thirty-fifth Indian Science Congress 

THE INDIAN SCIENCE 
Receipts and Payments Accomt fot 
RECEIPTS. 

To Balance. 

„ Reserve Fund: 


„ Govt, papers. 

•• 

17,881 

II 

4 




„ Bank account. .. 


1,361 

I 

0 

19,242 12 

4 

To Balance. 








„ Imperial Bank of India General 







account. 


17.308 

3 

1 




„ Cash in Hand 

•• 

III 

14 

S 

17,420 

1 

6 

To Balance of Advance in last 

year, 







M|s. Goven Brothers .. 

,. 

280 

0 

0 




„ General Secretary. 

•• 

910 

0 

0 

' 1,190 

0 

0 

„ Subscription received. 

.. 




i 6 , 93 S 

4 

0 

„ Sales proceeds of publications. 
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PRESIDENTIAL ADDRESS 

{Delivered on 5 th Janmry, 19 i 8 ) 

RATIONALISATION OF MEDICINE IN INDIA 
INTRODUCTION 

The highest honour which a scientist in this country can aspire to, is 
to be elected the President of the Indian Science Congress, and 1 wish to 
express my deep sense of gratitude to you for this distinction. On looking 
back at the brilliant array of my predecessors—great scientists, distinguishe»l 
industrialists,'and eminent statesmen, I am also made conscious of the great 
responsibility which the election to this office entails. On receiving the news 
of my election, 1 wondered whether I would be able to do justice to the 
task assigned to me. I accepted’ with great humility and with doubts of 
my ability to succeed worthily that great statesman and foremost national 
leader, Prime Minister Pandit Jawahar Lai Nehru. I was, however, 
encouraged by the thought that in carrying out my duties, I shall have the 
full* support and collaboration of the body of eminent scientists and others 
associated with this great organisation. 

The venue of the congress in Patna is of personal interest to me. It 
was during 1929-30 that the Patna University invited me to deliver a course 
of lectures in connection with the recently founded Sukhraj Ray Readership 
in Natural Science. As at that time, I was engaged in the study of the 
rationalisation of the use of* the materia xnedica of Indigenous Medicine, 
I selected it as the subject of nay lectures. To-day, in my address ou the 
Rationalisation of Medicine in India 1 propose briefly to review the work 
done since and to indicate how this study is likely to help in replacing the 
empiricism, current in medical practice by a system based on scientific 
research and verification, Le,, a .rational system. 

INDIGENOUS MEDICINE- 

. Zenith of Development. —^The development of medical science in India 
is a fascinating study. The ancient Hindu System of medicine has hot only 
provided relief for the past many centuries, but is still doing so, to large' 
sections of our people over vast areas of this great .country. Ayurveda., 
which is stated to have been written abjout 2^000 years B.C., formed, die. 
fouiidation stone of medicine in India. Later on such works as .Gharaki 
•and Susruta, and.many others dealing, with such subjects as .anatomy,; 
medicine, surgery, gynaecology and obstetrics, made their appearance. The 
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human body was dissected and attempts were made to understand the func¬ 
tions of important organs. A close study of the literature of that period 
reveals the strength and extent of scientific knowledge of ancient India 
regarding the diagnosis and treatment of the diseases then prevalent. Early 
records indicate that the immunity to small-pox conferred by cow-pox was 
known in that age. The therapeutic agents used were both of organic and 
inorganic origin. It has been shown that even anaesthetics, administered 
both by the mouth and by inhalation into the lungs, were used for surgical 
operations in the early part of the Christian era. Particular attention was 
paid to dietetics, and dietary was carefully worked out with due regard to 
individual susceptibilities and according to variations' in times and seasons 
of the year. About this time, Hindu Medicine had attained its highest deve¬ 
lopment and there is evidence to show that it pei’meated far and wide into 
Egypt, Greece and Rome, and played an important part in moulding both 
Greek and Roman medicine, and through the former the Arabic system. 

Decay .—^As invariably happens, dacay set in with the passage of time, 
and during the first millennium of the Christian era Hindu medicine became 
not only sterile but waned and declined in its standard of efficiency. When 
the Muslims invaded India, they brought their own healing system; this 
gradually gained ground in the country and became the State System of 
medical relief. Muslim medicine had been greatly influenced by ^ Greek 
medicine, as it reflected in the name Unani (Greek) by which it is genei'ally 
known in this country. It brought with it rich stores of materia medica 
derived both from the Arabian and-the Greek sources hitherto unknown in 
this country. The Arabs also had made great advances in the domain of 
chmistry, and their materia medica had as its basis the generally accepted' 
scientific doctrines of thaf period. 

In its turn, with the decline of Mohammedan rule in Indig^ Muslim 
medicine also suffered a set back and made way for the Western System of 
medical relief, which was introduced by the advent of the Europeans. The 
hew European system gradually found its way to the people, and appreciation 
and demand for it extended universally all over the country. Particularly 
tins was due to its surgical achievements; at the same time its more systematiz¬ 
ed and standardized materia medica supplanted to a great extent the 
heterogenous indigenous drugs in use. 

In the evolution of practice of rational medicine in this country, we 
teve, therefore, to consider the effects produced by the impact of all these 
factors. ^ . 


Pr^ent Position .—What is the present position of indigenous medicine 
trom the utilitarian and scientific aspects? It is generally believed that 
Ayurvedic medicine had remained sterile for many centuries. During this 
period, much of the old literature was either mutilated or lost, and degenera- 
tion in in all its various' branches, particularly in surgery, gynaecology, 
j practice of medicine was restricted at first to the Priestly CltU 
and then to certain sub-castes, who on one side believed that as the Ayurveda 
was an inspired sdence, it was not possible to improve on it further by the 
wisdom of man. On the other hand the touching of dead body was regarded 
as poUuting and, therefore, sinful, and the dissection of bodies was^given 
up„ the result was that studies of such basic subjects as 

“^sleeted. The effect of ignoring these^ basic 
studies particularly on surgery can well be imagined. A large number of 
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drugs were, however, introduced during the late Buddhist period and properly 
equipped hospitals and a well-organised system of State medical relief was 
instituted. But with the decline of Buddhism deterioration set in all round 
in knowledge, teaching and practice of medicine. Not only was information 
regarding many drugs lost, but recognition and identification of a large num¬ 
ber became impossible. This was a great loss to Ayurvedic medicine, and 
whilst there undoubtedly is reason to be proud of its glorious past, it is 
not possible to view its present condition without a sense of apprehension. 

It has been my good fortune to come into contact with eminent scholars 
and practitioners of Indigenous Medicine, some of whom have also studied 
the Western Medicine. They are equally concerned with the decline and 
sterility of the system but consider tliat as there is much in common between 
the old and new ideas concerifing the etiology, pathogenesis and treatment 
of disease, the restoration and development of the Indigenous system would 
not be difficult. The old theories of causation of disease according to them 
can be justified in the light of recent advances in scientific medicine. Some 
even claim that there are indications that the old Hindu medicine had know¬ 
ledge of the bacterial origin of disease, and that even the role of viruses was 
not unknown. They point out that in their system more attention has rightly 
been given to the state of the soil, that is, the body, than to the seed of 
disease, that is, the micro-organisms which become engrafted on it. In 
recognizing the importance of this soil factor, which has now been appre¬ 
ciated by Modern Medicine, Indian Medicine was undoubtedly centuries in 
advance of the Western. The eminent scholars and practitioners of Indige¬ 
nous Medicine, however, realise fully the need for investigation and research, 
if their system of medicine is to be brought Into line with the present day 
requirements. For with the lapse of time and changes in environments some 
diseases have become modified and perhaps their aetiology and patholog)’' 
altered. While some of the old diseases have disappeared new ones have 
come in. The great advance recently made in treatment too cannot be 
neglected. Unless fresh knowledge is acquired, their practice would be at 
a grave disadvantage. Unfortunately, very little has been done so far in this 
direction. Many among the orthodox Vaidas still believe in the divine 
origin of Ayurveda and resen I the introduction of any-innovations. They 
have resisted all attempts at the inclusion of new ideas and even of consider¬ 
ing the possibility of any improvements in the practice of their ancient 
system. 

The position with regard to Tibbi medicine, both as regards its theory 
and practice, is no better than that of the Ayurvedic medicine. What has 
been said about the present day status of Ayurvedic medicine applies with 
equal force to the literature and practice of Tibbi medicine. 

That there is much in the Indigenous Medicine, especially in its materia 
medica, which can contribute to the well-being of the people of this country, 
is beyond any doubt. Eminent Western scholars and the medical men have 
borne testimony to their efficacy and usefulness. But with such a background 
as has been described above, Indigenous Medicine, it is believed, cannot play 
as effective a part nor take its proper place in the present day medical relief 
in this country, as Its exponents would claim, and the people would rightly 
expect them to do. They will first have to put their house in order and 
become cognisant of the present-day environments and their requirements. 
The practitioners will have to be properly trained, and unauthorised practice 
will have to be rigidly eliminated. The true spirit of research and diBcpyery 
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vifill have to be inculcated and irrationalism excluded from diagnosis and 
treatinent of disease. The discoveries which have proved effective beyond 
doubt in the treatment of disease must be accepted and incorporated, and 
all inherent prejudices discarded to aditeve the one sublime object of the 
alleviation of human suffering, 

MEDICAL RELIEF TO THE MASSES 

Mode of Relief.—hX. the present time in this vast country, medical relief 
to the thasses is carried out by two agencies—(i) Indigenous and {2) 
Western:— 

(i) Indigenous Medicine is being practised by a vast number 
of practitioners. Unfortunately only a small portion of these have received 
any proper systematic training in educational institutions set up for the 
purpose. Of the rest a few may have acquired some biowlcdge through con¬ 
nection with families which have either practised this art for generations or 
through having sold medicines. By far the largest number, however, have 
received no training whatsoever. Most of. them collect an assortment of 
medicines and sell these to the ignorant and credulous masses. Many of 
diem are wandering pedlars who carry their stock-in-trade of medicines with 
them from place to place. Their nostrums have the virtue of cheapness no 
doubt, but they cost the people very dear indeed. There is evidence to 
prove that they are responsible for producing much misery and suffering. 
But it is this very class which at the present time attends to the needs of the 
major portion of the population, particularly in the rural areas which are so 
inadequately supplied by properly trained practitioners of any system. There 
are however,.some important considerations in favour 'of the Indigenous 
Medicine if it is properly practised. The first is that the itiateria medic 1 
used is derived entirely from indigenous sources, and therefore, is 
inexpensive and suits the people whose economic condition is low. The 
second is that these systems are ingrained among the people who have faith 
in the treatments prescribed and the drugs used. Some even consider that 
it suits their constitution better, 

(2) The second agency of medical relief is through practitioners of 
Western Medicine. This system of medicine has been in vogue in India 
for nearly a century and a half, and is the form of relief recognised by the 
State. Though it has a scientific basis and is, therefore, much more amen¬ 
able to rational practice, it unfortunately does not reach much more than 20 
per cent of the population of this vast country in spite .of all efforts that have 
been affd are being made to extend it. 

The reason for this tardiness is not far to seek. The economic condi¬ 
tion of masses of the people is very low and there are millions who cannot 
afford any kind of treatment whatsoever, cheap or expensive. Consequently, 
they have to depend on charitable medical relief institutions which, considering 
the extent of the population, are not only too few in number but arc so 
situated as to be available only for limited areas of the country roundabout 
The cost of medicaments is so high that most of these institutions with limited 
annual budgets, are not able to cope with the demand for common essen¬ 
tial drugs, to say nothing of the expensive, medicines which are sometimes 
necesary and are even indispensible. For these reasons, but chiefly on 
account of its costliness, the practical utility of Western Medicine for medical 
relief on a very large scale has been limited. 
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In any scheme of rationalisation and extension of medical relief to Ae 
masses, all these factors will have to be carefully considered without prejudice 
for or against any particular system—^medical relief on rational lines and 
on as extensive a scale as possible being the prime and only consideration. 

Irrational Practice of Modern Medicine .—Quite in contrast to the 
Indigenous Medicine, Western Medicine has made enormous strides, both 
in connection with the causation of disease and its treatment. This is not 
the place for me to go into details of the progress which has been made 
during recent years, but its effect in relieving human suffering has been 
remarkable. So far as the application of these discoveries in actual 
diagnosis and treatment of disease among the teeming millions of this country 
is concerned, it must be admitted that the general practitioner has lagged 
far behind the times in his knowledge and equipment. This position is 
unsatisfactory and regrettable. It has been my painful duty to point out, 
from time to time, the tendency of practitioners of Western Medicine towards 
mere empiricism. The remarkable progress in the ^tiolos:v, physiology and 
pathogenesis appears to lose its significance, and makes little appeal to them 
in the actual practice of the healing art. Diagnosis is still made on empirical 
basis in the majority of cases. Non-critical and irrational use of therapeutic 
agents is rather the rule than the exception. In part this is due to the fact 
that medicine is mostly taught through European and American text books 
and is practised without making due allowances for climatic and other environ¬ 
mental factors. The ideas regarding diet in disease run counter to the 
beliefs held by people and are often repugnant to their social and religious 
susceptibilities. In fact if the state of medical practice in India is examined 
without prejudice, one is forced to the conclusion that with the exception 
perhaps of a small number of institutions, such as large hospitals and colleges 
and of a comparatively small number of practitioners, the practice of Western 
Medicine is not even a shade better than that of Indigenous Medicine. And 
one dare not estimate the harm that has been done through indiscriminate 
use of powerful remedies which science has placed in the hands of the 
practitioners. 

In addition the outlook of the average Western medical practitioner of 
the present day is sadly restricted. While he is always crying down indigen¬ 
ous medicine, he takes no steps to improve the low standard of his own 
practice. The charge of irrationalism applies as much to him as to the 
practitioner of indigenous medicine. Pandit Jawahar Lai Nehru, while 
inaugurating the meeting of the Conference of Physicians last year, criticised 
the spirit of narrow trade unionism which dominated the medical profession 
in India. He exhorted the practitioners to keep in view the interests of the 
community as a whole and to help in building up a healthier and more pros¬ 
perous India. This call was truly needed for public health is perhaps the 
most important item in the programme of. a nation and yet its promotion Is 
badly neglected by the medical profession in this country. It is a sad com¬ 
mentary on things that though Western medical science has been well estab¬ 
lished in the whole countr}’- for at least half a century, if not more, it has not 
yet succeeded in making die average educated men more health conscious, 
to say nothing of the uneducated and ignorant masses. Again, there is very 
little understanding between the medical man and the patient. The doctor 
often looks down upon the poor class of patients and does not accord them 
the S)mipathy and consideration which is their right. This is particularly 
the case in government and semi-government institutions. The resentment 
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often expressed in the press and elsewhere, bears ample testimony to this 
fact, and most of us are aware of it from personal observation also. 

These are some of the potent reasons why an average Indian shuns the 
Western medical practitioner and prefers the more sympathetic and consi¬ 
derate Vaid or Hakim, How can rationalisation be achieved under such con¬ 
ditions? I say without the least hesitation, from my personal experience 
during the last forty years that I have discerned little progress in the rationa¬ 
lisation of practice oi Western medicine generally in this country. But while 
I say this, I must also admit that the blame docs not lie wholly at the door of 
the general practitioner. 

WHY RATIONAL MEDICINE NOT PRACTISED 

Financial Starvation .—One of the chief reasons why rational medicine 
has not been practised, is that those responsible for the Government of this 
country in the past have neglected the growth of the nation building health 
services. The per capita expenditure has, in the past, been absurdly low 
as compared with that what should have been spent. The Bhore Committcel 
on Health Survey and Development has pointed out that even after making 
due allowence for the much higher national incomes in countries like Great 
Britain and the United States 'India should have spent annually Rs, 3I3I- 
per head of the population if her expenditure on health services were to 
bear the same relation to the national inconue as the amount spent in Great 
Britain in 1934-35 on health measures bore to her own national income. On 
the basis of a similar comparison with the United States, India's per capita 
expenditure on health, should have been Rs. 2I5 In comparison with these 
figures the combined expenditure on medical relief and public health activities 
in the provinces during 1944-45, ranged between 2.8 annas per capita in 
the Central Provinces to 10.9 annas in Bombay. Is it, therefore, surprising 
that medical education and medical research which' form the foundation of 
rational medicine have suffered seriously? The teaching institutions arc too 
few and many of those that exist are poorly equipped and inadequately 
staffed. The teaching of such important subjects as physiology and phar- 
macolo^ the science of action of drugs, on which mainly depends the progress 
of medical treatment, is highly defective. Others such as pathology and 
bacteriology are no better. Practical instruction in most subjects leaves much 
to be desired. Hospitals and dispensaries are few and far between, and 
lack modem facilities and appliances, and the number of practitioners is far 
below that required for adequate relief. 

Medical Education .—^Medical education should, therefore, be carried out 
on much broad'er and sounder lines than heretofore if the present low stan¬ 
dard of medicine in India is to be raised. This can only be done by improv¬ 
ing the educational institutions, both as regards their teaching staff and 
equipment. No doubt, this will mean enormous expenditure, but it is expen¬ 
diture that will repay itself many times. 

The system of letting all the clinical teachers indulge in private practice 
has led to much abuse and neglect of their teaching duties. Such practice 
in State-supported* hospitals has given rise to most reprehensible differential 
treatment of patients. While it is desirable that a few of the senior teachers 
ma}^ take up private practice and bring the exeperience from that particular 
type of practice to the student, its indiscriminate indulgence by all teacher? 
has done incalculable harm to medical education. 
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Then, large sums of money are being spent at present on students going 
to foreign countries for obtaining qualifying medical degrees. If our own 
educational institutions were improved this drain would stop. Facilities for 
post-graduate studies should be very considerably increased and medical 
graduates encouraged to take these courses frequently. This can best be 
done by sending selected teachers to progressive countries to receive advanced 
knowledge and after their return to disseminate it among the medical profes¬ 
sion. Provision should also be made for sending abroad qualified individuals 
for training in specialised subjects so that this knowledge is brought to the 
post-graduate students. Exchange of lecturers and professors should be 
arranged with well-known institutions all over the world. With the object of 
training our own men in special lines experts in highly specialised subjects 
should be imported, for limited periods, into Universities and Colleges, irres¬ 
pective of the cost. 

Group Practice .—It is obvious that modern medicine cannot be practised 
scientifically and rationally unless the necessary expert personnel and faci¬ 
lities for diagnosis and treatment are available. Both these are sadly lacking 
at present even in large towns. During recent years the development of 
'group practice,’ that is,. collaboration of specialists in different branches 
with all their resources in the diagnosis and treatment of disease, has become 
a very noticeable feature in America and in Great Britain. In the latter 
country, the proposed National Health Service will bring into being the 
health-centre, an institution which it is intended should provide the general 
practitioner with all modern methods of diagnosis • and treatment. If the 
medical practice in this country is to be rationalised, adequate provision will 
have to be made on similar lines. A beginning on these lines was success¬ 
fully made in the School of Tropical Medicine, Calcutta, some years ago. 

Medical Research—Thtve. is no doubt that rational medicine cannot be 
practised unless there is extensive medical research. Here again one is 
struck with amazement at the calousness and apathy of the Government of 
this coimtry in the past, at the manner in which medical research was rele¬ 
gated to the backgroimd. The annual grant for medical research by the 
Government of India, till recent years, was only a paltry few lacs of rupees 
and even this was cut down through the disgraceful recommendations of the 
Inchcape Commission. The research worker is poorly paid and all the best 
talent goes to practice because it is more remunerative. You have only to 
see what importance countries like the U.S.A. and Great Britain, are attach¬ 
ing to medical research and the amounts they are spending for this purpose, 
to realise the importance of medical research in rationalisation of medicine. 
With all these disabilities it is not surprising that the standard of medical 
practice in India is low, and scientific or rational medicine has not been 
practised. 

The immediate implementing of a progressive plan like the one put 
forward by the Bhore Committee will enable us to draw abreast of recent 
knowledge and to introduce in our country up-to-date teaching and research 
and what is best in the health administration of advanced countries. * Medi¬ 
cal education, post-graduate studies and medical research will .thus be brought 
to the level in the progressive countries. This will mean that the expenditure 
on health measures which has hitherto been in the neighbourhood of the 
absurdly low figure of about 6 annas per capita per annum, will be increased 
to 2.5 rupees a year. Even when this has been done India would be spending 
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on public health only 15 p^r cent, of her national income (Central and Pro¬ 
vincial) as compared to the 25 per cent: spent by Great Britain. But in- 
'creased expenditure is the only method which will eventually give the 
country an up-to-date health organisation and medical relief on scientific 
basis. 

Trained Personnel and iheir Retiring Age .—Trained i>crsounel 
is the first most important single factor for provision of adequate 
.medical relief on rational * lines. India ’ possesses not more than 
40,000 trained medical men and this works out about one doctor for 10,000 
.of population. Even this proportion does not give a correct idea because 
most of this personnel is concentrated in large towns. Look at it any way 
you like, the present number available is entirely inadequate. For adequate 
relief necessary for rationalisation there should be at least one medical mail 
per 1,000 of the population. In fact in advanced countries there are two 
or three per ,i,0oo. Thus we need at least ten times the number we 
have and it will take .at least 30 to 40 years .to train sufficient men for our 
heed. It is 'imperative, therefore, that we do make the most of what we 
have. The present retiring age in regular services and elsewhere is considered 
to be 55 years when most of the incumbents are yet lit to carry on efficiently 
for many years. They should be made lo work as long as possible and, if 
necessary, their sphere of work should be changed to suit their physical 
capacity. 

When we come to highly specialised workers, such as Research Workers, 
of whom we have a still less adequate number, it would be foolish to retire 
. them as is the usual practice at the age when they arc most valuable for 
training other workers, organising new institutions and directing the activities 
of younger workers. 

The retiring age of 55, which is now treated in the country as an 
unalterable law, was fixed by a foreign Ciovernment for Imperial Services 
staffed largely by foreign workers. They wanted them to go back Home, 
live in comfort or carry on efficient work for many years at our expense. 
What I am saying, about medical workers applies with equal force to other 
scientific and techincal personnel. There is no other country in llie world 
where other than manriual workers are retired earlier than ’65 years. 

THE ROLE OF INDIGENOUS MEDICINE 

^hore Committee ,—^Thc Shore Committee considered in detail various 
aspects of public health and rhedical relief, but left the part played by indi- 
■ genous medicine severely alone. It was stated that the Committee was not 
in a position to assess the real value of indigenous medicine as practised 
to-day. They stressed, however, that certain aspects of health problems 
could be secured wholly or at any rate largely, only through up-to-date 
sdientific medicine and that indigenous medicine could not give much help 
here, as preventive medicine or public health was its weakest feature at the 
present time. The Indignous Medicine does not also, at present, deal with 
such vital aspects of medicine as obstetrics, gynaecology, advanced surgery 
and other highly specialised subjects. Further, no system of medicine which 
is static in conception and practice and does not keep pace with the discoveries 
and researches of scientific workers the wo]‘ld over, can ever hope to give 
the best ministration to.those who need its aid. The Committee, therefore, 
recommended that “it should be left to the Provincial Govemnients to decide 
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what pat't, if any, should be played by &e Indigenous Systems in the organisa¬ 
tion of public health and medical relief. If is for them to consider, after such 
investigations as may be found necessary, under what conditions the practice 
of tliese systems should be permitted and whether it is necessary, cither during 
some interim period or as a permanent measure, to utilise them in their 
schemes of medical relief.’’ The criticism offered is very cogent and awaits 
an answer by the exponents of Indigenous Medicine. 

The scheme envisaged by the Bhore Committee, admirable as it is; is 
bound by its very nature to take a considerable'time to mature. The question, 
therefore, is whether things should be allowed to drift as' they are drifting- 
while a perfect system is being evolved or should anything he, done in the 
interim period to improve the existing inadequacy of medical relief by using 
the Indigenous System? And if something is to be attempted, what line 
should it take? 

Popular Viezv .—^Therearc many thinking people who consider thctL wnile 
a comprehensive and rational system ,ol public health is being, evolved,,use 
fthould be made of Indigenous Medicine. Indigenous System—^good, bad qr 
indifferent as it may be—still caters for the needs of the major portion of the 
population particularly in rural areas. They, therefore,. • consider that it 
cannot be excluded altogether from the field, and urge that it should be used 
to the best advantage while the process of evolution of a perfect system of 
rationalisation of medicine is being worked out. During this .transition 
period, they also hope that Indigenous Medicine will oveihaul itself and 
become an integral part of the permanent system evolved. 

If the existing stale of affairs is considered without prejudice, then; 
would appear to be a good deal of justification in favour of this course. 
Indigenous Medicine should be given a fair opportunity to overhaul itself, 
to discard what is useless, and to bring up-to-date, in the light of modem 
discoveries, what is intrinsically efficient and useful in.it,' It is also to. be 
rem'embered that the people who still use Indigenous Medicine do not alL 
belong to the ignorant and the uneducated class. A portion of the high 
intelligentsia in the country, who can think for themseives, believe in its 
efficacy, and it is -reasonable to suppose that tliey must be getting some benefit, 
out of it to think in this way. One. is, therefore, forced to conclude that 
Western Medicine has not attempted to understand llie Indigenous systems, 
and has been carried away by the .inherent prejudices of the foreigners who 
have hitherto controlled the destinies of medical relief in this country. But 
while one can understand the European medical practitioner not imderstand- 
ing the value of Indigenous Medicine, it is not possible to endorse the views 
of llie Indian practitioners of standing, when they assert that no notice should 
be taken of it, as it is arcliaic and obsolete, and tlaerefore more’or less 
useless. This attitude shows a lack of appreciation of the fundamentals and 
practice of their own system, and makes it essential to reorient their^ ideas 
with regard to the extension of medical relief. ’ 

SYNTHESIS OF MODERN AND INDIGENOUS MEDICINE . 

I have always held that some of the distinctions drawn between tbe 
various systems of medicine practised in this country and whidb liave giy^ 
rise to the prejudices in the minds of the advocates of one system against 
even the good points of another, are unreasonable and unscientific. The 
uiiiversai-aad cosmopolilau ualure of .medicine docs, of course, vary according 
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to environment, and with the advance of knowledge necessary adjustments 
have to be made. But the only solution for rationalisation of medicine is 
the evolution of a country-wide extension of a system, which can be regarded 
in the words of the Shore Committee, “neither as Eastern nor Western but 
is a corpus of scientific knowledge and practice belonging to the whole world 
to which every country has made its contribution.” 

Regarding this question I feel that a thoroughgoing synthesis may, at 
present result in the almost complete submergence of the indigenous into 
th^ Western system. For, the Western system is based on the surer foun¬ 
dations of biological and physical sciences, and has all the recent facilities 
for dia|;nosis, cure and |>revention at its command. Moreover, any real 
synthesis will take many years to work out. 


’The Indigenous system, on the other hand, is cheap and suits the pockets 
of the poor, and being widespread, serves a very large number. Under 
modem democratic conditions the State too can not be indifferent to what 
is popular, with its people. Such a cheap and popular system can not be 
ignored and we must consider whether the building up of efficient health 
services in the country can not be extended and accelerated through its 
addition to the State-sponsored Western system. 

Western medicine, which at present dominates the country and is the 
system recognized by the State, should discard its narrow outlook of con¬ 
tempt for anything which is not its own. The Indigenous medicine, on the 
other hand, should discard its inherent prejudices and bring itself up-to-date 
by incorporating from other systems all that is of value. The practitioners 
of indigenous medicine should understand that in these days no claims of 
esoteric knowledge can be entertained, nor origin, antiquity and fancied 
utility urged as justifications. 


Is a Syntheps Possible ?—In connection with the rationalisation of 
medical practice in India two important questions suggest themselves. 
Firstly, can the practice of medicine be so regulated by the exponents of 
modem and of the indigenous systems that the fullest possible use is made 
of the facilities available for diagnosis, treatment and prevention of disease? 
I have already alluded to this. The second question is, can a synthesis of 
indigmous and modem systems of medicine be attempted so as to promote 
the utilisation of the teowledge from all available sources for the interpre¬ 
tation of health and disease and for diag^nostic, curative and preventive pur¬ 
poses? . 


A Parti^ Synthesis .—I believe that both extension and accelera- 
are possible through what may be called a partial synthesis of the 
two syste^, in the elementary stages of our teaching. The present course 
of study m the mdigenous medicine should be suitably curtailed on one 
^de aud ^rged on the other. On the side of curtailment, I suggest that 
me teachmg of subjects like Anatomy, Physiology and Pathology should 
be reduced to some extent. Their inclusion, on the present scale, 
m me curriculum of the Indigenous medicine leads to considerable confusion 
“j t-*" • ® Students. In passing, it may be mentioned that this 

^ stumes will go parallel to the reduction in the studies of students 
of Western medicme, as proposed by the Bhore Committee. On the side of 
emargment, I suggest that in addition to the basic principle of Ayurveda and 
Unani me stadents should be taught the basic principles of Western medicine, 
iney should also be given training in preventive health measures. 



Presidential Address 

The net elfect of this suggestion will he twofold, lx will shorteil 
considerably the period of study and thus lead to the training of a much 
larger number of qualified practitioners. And, secondly while giving the 
students a sufficient background of scientific knowledge with regard to the 
diagnosis, treatment and prevention of disease, it, at the same time, will 
make them conscious of their own limitations, and of the necessity to appeal 
to higher practice in difficult cases. There are about a hundred thousand 
practitioners of indigenous medicine in India, many of whom could be quickly 
fitted for this purpose after suitable training. 

Those who are likely to object to this curtailment and parti^ synthesis, 
should bear in mind that nearly 8o per cent of ailments arc of a minor nature 
and can be dealt with by simple medical and surgical measures and require 
no advanced knowledge of the theory of diagnosis and treatment. More¬ 
over, the suggested training will enable the practitioner to become an integral 
part of the health services, and thus the administrative difficulties now being 
experienced in some provinces through a dual system of medical relief will 
be avoided. 

The services of such practitioners will be of particular value in the rural 
areas, which are now almost beyond the reach of modern medicine. Rural 
medical relief will be considerably facilitated if some further steps are taken 
to standardise medical practice by prescribing uniform scales of drugs and 
medicd appliances for institutions, their production in bulk and distribution 
under the auspices of the State. If all practitioners are properly registered 
and practice by non-registered practitioners prohibited, a reasonable standard 
of competence could be secured by prescribing and enforcing the necessary 
rules regarding an expeditious system of training and examination in respect 
of their qualifying diplomas. 

RESEARCH IN INDIGENOUS MEDICINE 

Importance of Research .—Nothing can remain static in this dynamic 
universe, and the ever-changing world needs every-changing methods to 
deal with its ever-changing problems. Indigenous medicine can be no ex¬ 
ception to this rule. While this partial and workable synthesis is taken in 
hand, I would earnestly suggest that careful research be made by the expo¬ 
nents of the indigenous medicine so as to link their system with the modem 
medicine. There is nothing derogratory in this. But the work can only 
be taken up by the learned Vaids and Hakims and is bound to take time;' 
and yet, if this is ’ not done their systems ' are bound to become entirely 
obsolete. The process of rationalisation of their materia medica should tic 
comparatively easy, and has already been taken up by a number of workers 
outside these systems. 

A reference has, however, to be made here to the unreasonable attiHide 
adopted by some of the indigenous practitioners towards the workers outside 
their own fold. They consider that investigation of their drugs by metl^s 
of chemical analysis and biological testing developed by science; serves little 
purpose. It is opined that there is something mysterious in the action of 
"whole drugs” which cannot be investigated or elucidated by such tests. It 
is possible that there may be some such factors. The discovery of anti¬ 
biotics and hormones in plants to which no importance was previously 
attached may lend support to these views. But these should be explained 
and the mystery cleared by efforts of the exponents in the Kght of present 
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knowledge. If they do this, a complete synthesis will not be a remote pos¬ 
sibility. If they fail, the world outside cannot be blamed if it refuses to 
bdieve' their theories. The present day world cannot accept any fantastic 
viewfe whatever be their origin and however strong their following. The 
result will be their complete extinction in the course of lime. 

The outside workers should not be depressed by the hostile attitude 
arid should go ahead. Every little contribution adds to our knowledge and 
may help materially towards the alleviation of human suffering 

I now g^vc some concrete suggestions for ‘Research in Drugs, in In- 
digepoys' Materia Medica, for Drug Standardisation, Manufacture and 
Control which are essential for rationalisation. 

DRUGS AND MEDICAL REQUISITES 

Central Institute for Drug Research .—My first suggestion is that a 
Central Institute for Drug Research should be established at the earliest 
possible opportunity. The lines on whicli the Institute should work have 
already been endorsed by tlie Council of Scientific and Industrial Research. 
The Institute will ensure the fullest collaboration between all the allied 
'sciences concerned in drug research, between the sc'ienti.sts themselves, and 
between them and the industry. By rationalising the Materia 
Medica,_ the Institute will help considerably the rationalisation and extension 
of Medical Relief all over the country and particularly in the rural areas. 

It is worth recording that the beginnings of this work were laid down 
by me^more than a quarter of a centuiy back at the School of Tropical 
Medicine, Calcutta. As a result of the activities at that School, botanical 
identification, chemical analysis, pharmacological studies and clinical trials 
of a large number of commonly used drugs have been completed. Rational 
explanation with regard to the efficacy of some of these drugs has thus 
bqen forthcoming, and a number of these drugs are now largely used by 
medical practitioners in the country. But only the fringe of this vast sub¬ 
ject has yet been touched.. It would be for the proposed Institute to take 
up this work on an extensive scale in all its details. 

. AH sections of the Institute should be liberally staffed and generously 
equipped. It should perform the dual function of investigating the indi¬ 
genous materia medica on .scientific lines so that it can be brought into more 
[extensive use, and of synthesizing and evaluating, with special reference to 
the requiripments of this country, the new remedies which are being daily 
introduced by scientific organizations and firms of repute. In so far as 
these remedies are essential for the welfare of the people, economic commer¬ 
cial processes for their manufacture should W worked out immediately. Had 
■ such an institute been established after World War I, the acute shortage 
of drugs which was experienced during the World War IT would not have 
occurred. The country would have been self-supporting with regard to 
medicinal agents of every description. Further the price of drugs would 
have been brought down to the economic level of the people. Such a scheme 
does not preclude the existimce of individual foci of research in universities 
and other research organisation; on the other hand these should be encouraged 
more than ever. This Institute should also be independent of the work 
exjvisaged in the Drug Control Laboratory, and in the Divisions of Biochemis¬ 
try and Biological Evaluation of the National Chemical laboratory. 
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The Central Institute should have a fully equipped special section in 
which the exponents of the indigenous medicine can work in their own 
way, rationalise their materia medica and demonstrate its efficacy to the 
world. 

The reason why a Central Institute has not been brought into^ exis¬ 
tence is that the vested foreign interests wanted this country to remain the 
largest dumping market in the world of all kinds of drugs, good or bad. 

Panel on Drugs and Fine Chemicals ,—^The Bhore Committee, to which 
I have already referred, gave serious consideration to requirements of the 
country as regards essential drugs and other medical requisites. They con¬ 
sidered that for the better medical relief organisation of the country, the 
therapeutic substances and medical appliances came second in importance 
only to the adequate number of personnel needed by the country and they 
stressed the extreme importanc of making the country self-supporting as 
regards drugs and medical requisites of every descriplion. They pointedly 
drew attention to the disruption of the medical relief organisation of the 
country brought about by the shortage of drugs and medical appliances 
caused’ by the War. They strongly felt that India musi never suffer that 
fate again. They brushed aside the usual arguments advanced against the 
manufacture of drugs and medical appliances in the country, such as that 
the cost of production in the countnry would be greater or that the raw 
naterbls for the manufacture of drugs were not available in the country or 
that certain drugs and appliances were of such a highly specialised character 
that they would take long to produce in India and then the difficulty of 
patents. They considered these arguments and came to the conclusion that 
these objections made it all the more important to plan on a wider basis. 
India has enough talent and more than enough, and if it is properly exploited, 
it could match production anywhere. They definitely stated that the lack 
of raw materials for making synthetic drugs in India was an additional 
reason why in addition to the drugs the raw materials should also be pro¬ 
duced in the countiy and they saw no difficult}?' in such a manufacture being 
made a success., However, they recommended that an ad-hoc committee 
should be appointed by the Government of India to go into the question. 

Such a Committee was instituted by the Planning and Development 
Deparhnent of the Government of India in 1945 under my chairmanship. 
On this Panel for Fine Chemicals. Drugs and Pharmaceuticals were repre¬ 
sented the leading scientists and the representatives of the important drug 
manufacturers in the country, and the services of an eminent consulting 
chemical engineer from the U.S.A. were made available in an advisory 
capacity. This committee thoroughly went into the question and produced a 
valuable Report in I9_|6. I particularly want to draw your attention to 
some of the salient recommendations made by the Panel. The country must 
produce all essential drugs and make them available for use of the masses 
at economiq prices. It was specifically recommended that the manufacture 
of two types of drugs should be undertaken.immediately, namely (i) those 
which are essential for guarding the health of the public and warding off 
infectious diseases and (2) those for which India already has or can easily 
develop raw material in abundance. Under the first category come sulpha 
drugs, antimalarials, antibiotics like Penicillin, Streptomycin, etc. The 
arsenicals and D.D.T. can also be included in this list. The Panel recom¬ 
mended that the manufacture of these drugs should be taken up immediately 
and reconimended that Government should take up the initiative and put up 
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the first plants which shotdd serve as models. I wish to draw special atten¬ 
tion to this recommendation, and its full significance will be understood when 
you realise that the representatives of commercial firms, who were present, 
fully endorsed the view that the first plants should be put up by Government. 
These would serve as models for the industry and provide a training groimd 
for personnel. Further, these drugs are needed by the poorest of the poor 
and they must be made available to the health authorities at the lowest 
possible cost. 

In the second group come drugs of vegetable origin. The production 
of the drugs from vegetable sources, such as quinine, emetine, morphine, 
caffeine, ephedrine, santonin, essential oils, etc., should b^ developed to the 
fullest possible extent, both for the needs of the country and also for export. 
These drugs are literally to be treated as the wealth of the country and 
should be exported to good purpose. 

Deputation to England and the U.S.A. —In consonance with the recom¬ 
mendation of liiis Panel, the Government of India deputed two dis¬ 
tinguished scientists from the Haffkine Institute to go to England and 
America to explore the possibility of the manufacture of antibiotics, sulpha 
and antimalarial drugs. They returned to India by the end of November last 
year and submitted their Report to the Government of India, Department of 
Industries and Supplies. I have seen this Report and can say without hesi¬ 
tation that the Report is of great national importance for more reasons than 
one. In the first place, it gives complete data which are necessary for 
undertaking the manufacture of drugs and these data show clearly that all 
these drugs can be made much cheaper in India, at about i|5th the cost, than 
they can be imported from abroad, and when the question of the treatment 
of millions of the poorest of the poor is involved, this is a* matter of very 
important consideration. But the making of these drugs is not to be recom¬ 
mended solely on the grounds of saving money. 

A Valuable Training Centre. —^The making of drugs in the country in 
a State Institute would mean greatly increased production. If the drugs are 
manufactured in the country, we would have an excellent training centre, such 
as we do not possess at present. The Government of India is incurring a 
heavy expenditure for sending men abroad for training. It should be realised 
that no country abroad gives training in industrial production readily. 
Dr. B. C. Roy recently stated that though he could get promises of great 
deal of facilities for academic training of our men, he was not so 
successful as regards industrial training in manufacturing concerns. Here 
lies 'tl'-c importance of the scheme. We have workers who have gained the 
experience of production and have the necessary ability and arc actually 
producing these drugs in a semi-commercial scale in laboratories like the 
Haifkine Institute. We should now put up a large plant under public 
auspices, which will provide those facilities for training which the country 
has so far lacked and without which the country will get nowhere. This 
will provide a first-class modem chemical plant and research laboratory for 
training for drugs and fine chemical manufacture. If such a scheme 
materialises, I feel confident that within a few years, we would train hundreds 
of new chemists and within a reasonable period, say 10-15 years, the country 
would become fully self-sufficient and would not have to depend on foreign 
import 

Vegetable Wealth of the Country. —The question of the manufacture of 
the second type of drugs I have mentioned above is equally important. Hey? 
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We have literally ready made wealth in our hands and in these days of lack 
of dollar credits, we can use this great wealth of the country to very good 
purpose for foreign markets. A start has already been made in this direc¬ 
tion, only now the Government must take a hand and put the production on 
a proper basis. 

I would, therefore, urge the Government of India to immediately con¬ 
sider these propositions and take steps to implement them. I have Sjaid 
before that even the Panel on which representatives of commercial firms 
were represented, had no hesitation in saying that the first plants for the 
manufacture of synthetic drugs like sulpha drugs and antibiotics must be 
put up by the State and now that we have the necessary knowledge and 
trained personnel, there is no reason why the interests of the country be 
damaged by delaying the implementation of the proposed scheme which is 
essential for the rationalisation of medicine. 

RESEARCH IN INDIGENOUS MATERIA MEDICA 

This work must be carried out in a systematic manner under the follow¬ 
ing sections:— 

Identification of Plants ,—^The materia medica of indigenous mcoi- 
cine consists predominantly of substances derived from the vegetable king¬ 
dom and practically all the plants used, grow in India. In the investiga¬ 
tion of these plants the greatest difficulty I encountered in the beginning 
was that many plants mentioned in the literature baffled and defied recog¬ 
nition and identification. The descriptions in the old texts were in sudi 
vague and general terms that it was often impossible to be certain whether 
the specimens obtained were of the drug described. The identification of 
drugs is naturally not possible until prominent characteristics of each plant 
are established. But the verbal descriptions, as given in the old literature, 
could not enable the botanist to identify plants and parts of plants which 
even in Aemselves do not invariably present the same characteristics and 
even the learned exponents of indigenous medicine cannot, with certainty, 
indicate which is the authentic specimen mentioned in the old texts. As 
a result considerable confusion has arisen in tlie literature of indigenous 
medicine. Again, many drugs are frequently sold under different names, 
and entirely different drugs often under the same name. Very careful and 
detailed enquiries had, therefore, to be made before a plant could be taken 
up for investigation. In the work of identification help was at first obtained 
from the works of Western writers of the 19th century such as Jones, Ainslie, 
Roxbuig, Wallich, Dymock, Watt, and others, who had carried out laborious 
studies to classify these plants. This also did not solve all the practical 
difficulties that arose. 

Bureau of Plant Industry .—The great handicap was that there has 
not been in this country a proper organisation corresponding to the Bureaus 
of Plant Industry in advanced countries which collect and keep the infor¬ 
mation concerning plants up-to-date and encourage investigation and rtr 
search. The Botanical Survey of India (Economic Products Section) and 
Forest Research Institute (Minor Products Section) do some scattered 
work in this connection but the whole work must be unified and concentrar 
ted so that full collaboration with allied organisations can be established* 

For collecting and supplying all information regarding plmts, a Bureau 
of Plant Industry on the lines of that existing in the United States of| 
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America and in the U.S.S.R. should be established under the Ministry of 
Agriculture. The Bureau in America can serve as a model. It carries on 
its activities under the Department of Agriculture in collaboration with 
agencies such as Bureau of liiitomology and llanL Quarantine; hedcral 
Crop Insurance Corporation, i‘'ederal Surplus Coinmodilies Corporation, 
Forest Services, Office of Foreign Agricultural Relations, Agricultural 
Marketing Service, Food and Drug Administration, cm. Any organisa¬ 
tion planning to sliiiiutate tiie cuilivatioii and <levc‘lopnu‘nt of medicinal 
plants in this country must collaborate with scieuiiiic workers in allied 
branches for tlae solution of inter-rclatcd problems, llie fimclious which 
such a Bureau could usefully perform, are umllifarious and should be work¬ 
ed out according to ffie requirements of the country. For example, it 
could collect and maintain up-to-date information with regard to all plants 
of economic importance by carrying out surveys and collecting, statistical 
data regarding their export and import. It could have information with 
regard to new species which can be successfully introduced and commer¬ 
cially developed and about markets in India and abroad. It tAiould have 
knowledge regarding the quality and quantity of drugs growing in a state 
of nature and which are and can be successfully cultivated. Substitutes of 
pharmacopoeial drugs w^hich might serve the same therapeutic purposes 
could be investigated under this auspices and brought into use. The In¬ 
dian drug trade has seriously suffered because the quality of drugs has not 
been maintained and aduheration lias been rife. Idie Bureau could exercise 
quality control and regulate drug trade by establishing drug empuria which 
coula act as a central clearing houses for authentic drugs. It should cstab- 
iisli uerDaria for the various types of economic plants. Detailed surveys 
of grass-lands and other localities would be the function of this Bureau so 
that measures for protecting live-stock against tire menace of poisoning 
could'be adopted. 

Foreign Agricitllural Rclalions ,—Tiie Section on Foreign Agri¬ 
cultural Relations should be an important part of this Bureau if a separate 
'Bureau for this purpose is not established. This will help ‘ha addition to 
other * activities, medicinal plant culture by publishing statistical informa¬ 
tion showing ffie principal market outlets for such botanicals nearest to 
'their point of production and by establishing liason with countries through 
diplomatic and other channels, for px‘ocurcmout of seeds and other agricul¬ 
tural information necessary for the acclimatization of a new crop of econo¬ 
mic and industrial significance”. 

Herbarium of Medicinal Plants .—^The section of Bureau of Plant 
Industry should have along with it a special section of Herbaria of Medi¬ 
cinal and Economic Plants. Herbaria are urgently needed for food and 
fodder plants, grasses and for plants poisonous to men and animals, edible 
ana poisonous fungi, algae, mosses, etc. Knowledge regarding these plants 
is lacking at present. 

There is, no doubt, a large herbarium in the Botanical Gardens at 
Sibpur, Calcutta, but the specimens arc so mixed up that to look up for a 
specimen is like hunting for a needle in a hayslock. In order, therefore, 
to facilitate the work on indigenous drugs, some years back, I decided 
to build up a reference herbarium containing authenticated specimens 
of all medicinal plants growing in ffie country. The collection of such 
a herbarium was slow at first, but was speeded up when grants for tho 
j^rpose were sanctioned by the Indian Resarch Fund’Association* and the 
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Imperial Council of Agricultural Research. A well-equipped botanical 
unit was established for making collections of plants from all parts of In¬ 
dia and for- their proper preservation and identification. By extensive in¬ 
vestigations and collections in the field and by laborious studies in all the 
existing local herbaria in different parts of the country, about 10,000 speci¬ 
mens of nearly two thousand of the common species of medicinal plants were 
collected. Several sheets of each species were prepared, and to ensure per¬ 
petuity and enhance and extend their utility to scientific workers, three more 
or less, complete sets of specimens were housed at the Forest Research Ins¬ 
titute, Dehra Dun, the School of Tropical Medicine, Calcutta, and at the Drug 
Research Laboratory in Kashmir State. A few hundreds of the uncommon 
species have still to be collected and this is being-gradually done; this work 
could be expeditiously done by the Bureau of Plant Industry. This Her¬ 
barium is already becoming known and is.being used by scientific workers. 

Survey of Medicinal and Poisonous Plants. —Side by side with the 
survey of the distribution of medicinal plants, there should be a section on 
Survey of Poisonous Plants and Food and Fodder Plants. A preliminary 
survey was made by me, years back. The exact habitats of plants growing 
in a state of nature or otherwise were verified during extensive tours and 
a lot of existing confusion was cleared up. Many of the medicinal plants* 
are poisonous to man and animals, and in the course of the survey, notice 
was taken of those which have toxic properties but are not used in medicine. 
It was very soon realised that while mudh work had been done on this group* 
in Europe, America, South Africa and other countries, no systematic work 
had so far been attempted in India. 

, But much remains to be done. The distribution oi many plants as 
described in the literature of indigenous medicine in the latter half of the 
19th century is often vague and inaccuracies which have crept in have passed 
from one book to another. Again plants may change their habitats and, 
exotics may come in. Such a survey is, therefore, important not only from, 
the point of view of distribution of medicinal plants but in other respects also. 

Further, for the extension of medical relief on rational lines it is not 
only necessary to make a scientific study of these plants but to cultivate 
them for therapeutic use if need be. The only way in which it is possible 
to determine the areas of optimum production, with any degree of accuracy, 
is first to find out whether a particular plant grows well and in abundance 
or is scarce in any particular area. These studies alone can provide the 
basic information regarding the suitability of localities for the cultivation of 
different plants. The gradual development of such work has led to the cul¬ 
tivation of a number of plants of great utility with as good active principle- 
contents, as are found anywhere else. 

The medical and toxicological aspects of the Cryptogamic flora of In¬ 
dia constitute an almost unexplored field. We have very little irjformation: 
about the deleterious effects produced by Indian algae. Many of the fungi* 
such as rusts, smuts, etc., attack food and fodder, while poisonous mush¬ 
rooms grow in many parts. Many more poisonous species exist than have 
been studied,.and about these also little or no information is available, 
same applies to liverworts and mosses of India. 

Poisonous Plants and Insecticides. —So far as the Phanerogam$- 
(flowering plants) are concerned, two main groups exist: (a) the group of 
plants poisonous to man and livestock. This is a large one, and while consi- 
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regarding poisoning of the livestock is meagre. India possesses roughly a 
third of the bovine population of the world and the question of its fodder 
supply is of utmost importance. Even in countries like America, where 
much is known about these plants, the figures of losses _ suffered through 
poisoning are high. Similar figures of losses are not available in India, but 
they are sui’e to be very high. Unless detailed information about these plants 
is available, preventive measure cannot be adopted. Grasses form an im* 
portant part of the food of animals and some of these develop dangerously 
large quantities of hydrocyanic acid, flourides, etc., under certain climatic 
and soil conditions, especially in time of drought when plaiits have become 
wilted and stunted. 

(b) The group of plants po,isonous to insects and fish is also important 
in the economy of tlie nation. Insects do incalculable harm and are respon¬ 
sible for a considerable loss of life and destruction of property. On a 
moderate computation the annual loss caused to India lhi|ough insect pests 
has been put at 2,000 millions of rupees and over a million and a half in 
human lives. An effective control of these enemies of social and eco¬ 
nomic progress will reduce this enormous loss and will facilitate national 
devdopment. One means of fighting them is by insecticides which could 
be supplied by this group of plants. In spite of the development of cheap, 
synthetic and potent insecticides, such as D. D. T., vegetable insecticides 
still hold a prominent place, as they are lass deleterious to warm blooded 
animals and plant life and possess immediate knock-out effects. 

Cultivation of Medicinal Plants .—^The acute shortage of drugs during 
the World War II drew attention to this important subject and a good 
deal of interest is now being taken to give it a practical shape. Most of the 
drugs required for therapeutic purposes are grown in this country. Those 
which do not grow can be grown in selected places. Among the exotics of 
great practical utility which have been successfully cultivated may be men¬ 
tioned cinchona, ipecacuanha, digitalis, pyrethrum and others. It should 
be realised, however, that this is no novice’s work but needs specialised 
knowledge and guidance of a scientific organisation. The soil, the season 
of planting, the gathering time, hybridisation, plant diseases, etc., are some 
^f the important factors which call for expert attention in connection with 
| 3 the active principle of plants. The collaborative effort.s of plant culturists, 
‘pharmaco^osists, phannacists, pharmacologists, entomologists and chemists, 
are essential and these could be made available only by such organisations 
as the Central Institute for Drug Research, Bureau of Plant Industrv, 
Foreign Agricultural Relations Bureau, etc. 

DRUG STANDARDISATION AND DRUG CONTROL 

Rationalisation of medicine is not possible Ifll the drugs in use arc stan¬ 
dardized and controlled. This applies with equal force to the drugs used 
in Indigenous medicine. 

Adulteration .—It has been shown that a large number of drugs and 
pharmaceutical preparations marketed in this country, vary a good deal in 
regard to the potency claimed for them. While a certain amount of deterio¬ 
ration in active principles takes place through climatic factors and effects of 
storage, it has also to be admitted that often open and wilful adulteration 
of many remedies is being practised. To rectify this state of affairs, the, 
Government of India appointed the Drugs Enquiry Committee of 1930-3^ 
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tinder my direction. Investigation on an extensive scale showed that the 
position was even worse than had been believed. The Committee submitted 
its report early in 1931 but unfortunately legislation could not be enacted 
till 1940, and owing to the exigencies of War, it was not possible to estab- 
lish the machinery for implementing it till April last year (1947). This 
legislation, while it is far from perfect, should help materially towards stabi-^ 
lizing the quality of drugs in this country. 

The Committee unfortunately could not suggest any action with regard 
to the drugs used extensively in &e indigenotfs medicine, although there wa‘> 
abundant evidence that these were extensively adulterated and 
were often of inferior quality. The main reason was that the active princi¬ 
ples of many of these drugs had not been identified and, therefore, no stan¬ 
dards could be laid down for their control. 

The protagonists of indigenous medicine should realize that unless 
standards are established for drugs they use, ^either by their own methods, or 
by the generally accepted chemical and biological assay, the efficacy of their 
drugs cannot be guaranteed. Establishment of standards for all drugs and 
their inclusion in the Indian Pharmacopoeia of the future is absolutely essen¬ 
tial before such drugs can play an effective role in a rational system of 
treatment. 

Indian Pharmacopoeia .—A National Pharmacopoeia is primarily 
meant to meet the claims and to satisfy the needs of a particular group of 
physicians at a particular time. The object of a pharmacopoeia is, in the 
words of founders of the United States Pharmacopoeia, *^to select from 
among substances which have medicinal power, those the utility of which is 
most fully established and best understood, and to form from these, prepa¬ 
rations and compositions in which their powers may be exerted to the greats 
est advantage”. The modern pharmacopoeia is a book of standards, its 
fundamental objects are- '^to provide standards for drugs and medicines^ of 
therapeutic usefulness or pharmaceutic necessity, suffici^ently used in medical 
practice; to lay down tests for the identity, quality and purity, to ensure, as 
far as possible, uniformity in physical properties and active constituents”. 
In 'other words, usage—rational usage and scientific usage are bases of 
judgement. Such criteria are no less applicable to indigenous medicine as 
to Western or any other system of medicine wherever practised. 

The Drugs Enquiry Committee considered the question of compilation 
of an Indian Pharmacopoeia and came to the conclusion that there were cogent 
scientific reasons in favour of it. The methods of therapy vary in different 
countries. The raw materials from which medicinal preparations are made 
do not possess the same qualities, and may not be available so readily in one 
part of the country as in another. The effect of climatic conditions on the 
pharmaceutical processes has to be studied. Racial variations in dosage also 
have to be considered. For these reasons the pharmacopoeia of one country 
is not always applicable to another country. It is essential, therefore, that 
each country should evolve a pharmacopoeia best suited to its own peculiar 
climatic and racial factors. It should include the therapeutically active subs¬ 
tances of known composition, of definite action, of well-established therapeu¬ 
tic use, of known toxicity, and with necessary standards for determining 
safe maximum dosages. In the case of the drugs in use, it is essential that 
requisite standards should be established for strength and purity of the mate¬ 
rials which are to be used in treatment. 
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A Permanent Pharmacopeia Committee, —Such standards are being 
gradually worked out and have actually been evolved in case of a number oi 
drugs used in the practice of medicine both indigenous and modern. It is 
gratifying to note that at last the foundation of such an essential work has 
been laid by the publication of an Indian Pharmacopaaal List complied by 
a Committee appointed by the Central Health Ministry (formerly Health* 
’Department) of which I was the-chairman. This work should be consider¬ 
ably extended by the proposed Central Institute for Drug Kescarch and other 
research organisations. A permanent .Committee should be set up on tlie 
lines of British Pharmacopoeia Commission or the organisation in the 
U.S.A. to build up an Indian Pharmacopoeia including all drugs of value in 
the practice of medicine in this country. This can be accomplished in the 
very near future if all facilities are made available. Such a Pharmacopceia 
is essential for rationalisation of medicine in this country and will act as a 
' bulwark against the present tendency towards irrational practice. 
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SECTION OF ENGINEERING AND METALLURGY 

President — ^N. Sen, m.met., b.sc., f.i.m. 

SOME DEVELOPMENTS IN FERROUS METALLURGY 

(Delivered on January 5, 1948) 

I wish "to express my sincerest thanks for the honour you have done me 
in electing me to preside over the section of Engineering and Metallurgy of 
the Indian Science Congress this year. It is an honour which I greatly 
appreciate. 

In my address I propose to deal briefly witli iomc recent developments 
in the iron and steel industiy. A great progress has been made throughout 
the whole field of ferrous metallurgy since the beginning of this centuiy 
and to deal adequately with the subject as a whole would be tedious.^ I will, 
therefore, describe certain selected developments in the industry which have 
taken place comparatively recently, and indicate the assistance which has been 
obtained from the advances in scientific teclinique and knowledge during 
this time. 

Metals are the chief material basis of the present industrial civilizatioii- 
Some other materials stand higher than the metals as primary necessaries, 
in the quantities used, or in money value, but every kind of production, 
industry, transport and communication is now dependent on metallic tools, 
machinery and otlier equipment. The extent to which this dependence has 
increased in our lifetime is illustrated by tlie statement that during the first 
twenty-five years of the present centuiy the world consumed a larger quantity 
of the metals than in all preceding time. Figures given by Sir Harold 
Hartley, in the 1933 James Forrest Lecture, for the world’s productions of 
twenty-one metals in 1900 and in 1930 show that the production had at leaist 
doubled for all the common metals in these thirty years, whilst in some cases 
the increase was far greater; for example about thirty-six times as much 
aluminium was produced in 1930 as in 1900. In quantity produced, iron 
exceeds all other metals combined. The world is equipped today to produce 
not less than 150 million tons of steel per annum (this figure having been 
increased to more than 180 million tons during tlie war years) which sounds, 
and is, a very large quantity. Steel is a complex metal and is without ques¬ 
tion the most versatile metal known to man. At present ho rival exists 
which can challenge its position in tlie engineering field and it does not seem 
likely that future progress of metallurgical skill will bring any considerable 
change- in this position if tlie facts are considered in regard to its potential 
supply, prospective cost of production,, price to the user and versatility in use. 

^ An intimate connection between metallurgy and tlie various branches of 
engineering has been the constant ruling factor in this ever-increasing rate 
of metal consumption, a connection so close that all progress in one branch 
is immediately reflected by progress in the other. The effect on the steel 
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industry of increasing engineering demands for still better steel and vice 
versa, the effect of these steels on engineering practice is a study of absorbing 
interest. 

A century ago the metallurgy of iron was in a process o.f evolution; 
many works were still following metliods which differed from those of pre¬ 
ceding centuries in matters of detail only. The large industrial undertakings, 
which may be said to constitute the backbone of modern civilization were 
still in a rudimentary state but the principles of industry were already 
established and were solely awaiting favourable circumstances for production 
to reach in every respect the development we marvel at to-day. Among these 
circumstances one of the most important was the development in the manu¬ 
facture of iron and steel to enable products to be provided which were 
suitable for requirements both as regards quantity and quality. 

The modern tendency in the industry is towards the establishment of 
large integrated iron and steel works starting with the production of coke and 
going up to the manufacture of finished or semi-finished products such as 
billets, sections, rods, sheets and strip. The two most important items In 
the cost of producing steel are the cost of labour and of coal. Both are 
reduced by large scale production with continuity of operation. Liquid iron 
is transferred from the blast furnaces to the steel plant and the hot ingotr 
from the steel plant fed to the rolling mills where the hot blooms often gc 
direct to the finishing mills, thus preserving the sensible heat of the product. 
Simultaneously, the thermal efficiency of individual units has been increased 
with the net result that fuel consumption has been more than halved and 
labour costs appreciably reduced. The only fuel required for the operation 
of an integrated iron and steel plant is the coal which is used for the produc¬ 
tion of coke, the rest of the heat and power required being supplied by the 
coke oven and blast furnace gas. 

This, however, depends upon the amount of finishing processes carried 
out. The economic size of such a unit mainly depends upon the type and 
diversity of the finished products required. 

Much attention has been paid in recent yeais to the preparation of raw 
materials. For the most regular and economic operation of the blast furnace 
it has been found that there is an optimum grading of ore and this is much 
smaller than that formerly operated. Modem plants, therefore, have crush¬ 
ing and screening equipment to reduce the ore size to about 2 inches with 
the fines screened below }4 inch. The object of this is to ensure that the 
ore instead of being reduced by solid carbon near the bosh is reduced higher 
up in the furnace by carbon monoxide, thus increasing the carbon efficiency. 

The biggest development in recent years in blast furnace operation itself 
has been the adoption, where applicable, of the so-called “acid burdening 
process." Formerly when the coke was high in sulphur the lime content of 
the slag was progressively increased with the result that the melting point 
of the slag rose and with it the coke consumption. In the acid burdening 
proces, an acid slag is used having a lime: silica ratio of, say, 0.9 instead 
of 1.3-1.4. Thus the free-running temperature of the slag is reduced and 
the coke consumption considerably diminished. Although the sulphur con¬ 
tent of the iron is high this can be rectified in one, two or three stages between 
the blast furnace and steel plant. These improvements in ore preparation 
and acid burdening have reduced the coke consitmed per ton of pig iron 
produced by as much as 900 lbs. 
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The production of molten steel in large masses at a comparatively low 
cost was made possible first by the discovery of the Bessemer process which 
made steel a metal for general use and not a precious metal as it had formerly 
been. When Martin succeeded in melting steel on an open hearth with the 
help of Siemens regenerators it not only allowed of a higher quality steel 
than could be produced by the Bessemer process but it also came at the 
right time for utilizing all the old rails which then encumbered the railways 
and all the available crop ends. Then appeared a new invention of outstand¬ 
ing importance, namely the Thomas and Gilchrist basic process; this was first 
used with the Bessemer converter and then extended to the open hearth 
furnace. ^ This invention made it possible to utilize the large deposits of 
phosphoric iron ores which constituted the greater mass of world ore reserves. 
This meant a revolution in the realm of metallurgical raw materials. 

The acid converter is limited in scope, since it can only take low phos¬ 
phorus, low sulphur haematite iron unless a duplex process is worked in 
conjunction with basic open hearth furnace. A notable advance in acid 
bessemer operation made in the United States during the war was the produc¬ 
tion on a very considerable scale of “killed"’ Bessemer steel of very high 
quality. This was commercially a new steel having interesting properties and 
representing the applied use of fundamental metallurgical knowledge which 
had become available during recent years. The temperature of Bessemer steel 
generally exceeds 1,600'^ C. At such temperatures carbon is a more powerful 
deoxidiser than silicon or manganese, particularly when the carbon content 
of the molten metal exceeds 0.1%. Efforts were, therefore, made to deoxi** 
dise blown Bessemer metal with carbon by adding hot mixer metal which 
contains apporximately 4% carbon as well as some manganese and silicon. 
It was found that the action of such additions to fully blown Bessemer metal 
gave a very quick and thorough preliminary deoxidation much like the 
“blocking” of an open hearth bath by the addition of ferro silicon or spiegel. 
The steel was then poured into a teeming ladle and the required amounts 
of manganese, silicon and aluminium added. Bessemer casts so treated were 
found to be thoroughly killed and of good forging quality. 

Another noteworthy development in Bessemer steel which was worked 
during tihe war in Germany is the H.P.N. process. In this process the ni¬ 
trogen content, which is normally between two and four times higher in 
basic Bessemer steel than in the open hearth steel, is controlled and reduced 
to limits comparable with open hearth steel. This is effected by reducing 
the bath depth, controlling the temperature and adding iron ore and lime 
towards the end of the blow. Several hundred thousand tons of steel were 
made by this process and by duplexing with electric furnace, alloy steels for 
springs and other armament work were made successfully. 

Developments in open hearth practice have taken several lines, the out¬ 
standing tendency being towards installing large fixed furnaces and tho fairly 
wide adoption of the venturi port and the sloping backwall. The that 
there has been no revolutionary change in design since Siemens built his 
first furnace is due in large measure to the limitations of available refractories. 
The most serious limitations are those of the roof and port bricks. A maxi¬ 
mum roof temperature of 1,680° C limits the rate at which heat can he sup¬ 
plied to the bath whilst the necessity for good flame control has led to water 
cooled ports which not only consume water but remove considerable portion 
of the high temperature heat. The “all-basic” furnace ue,, wth a chrome 
ma^esite roof appears to have demonstrated its serviceability in many plants 
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by leading to faster melting and longer furnace life but this still suffers from 
the disadvantages of high initial cost and greater weight. 

The use of oxygen both in the blast furitacc and in open hearth has 
recently been experimentally studied. In the open hearth oxygon has been 
used both for enriching combustion air as well as for carbon reduction. 
While the use of oxygen has much promise as a means of increasing output 
and reducing costs there still exist many major problems to ho. overcome 
before the full benefits of oxygen can be commercially realised. The recent 
development of improved methods of making oxygen from air on a very 
large scale and at the lowest possible cost by the use of the Kapitza turbine 
appears to have solved one of the most important problems in this connection. 

The electric furnace, introduced in the beginning of the century, meant 
for the refined and special steel industry, an advance similar to that afforded 
by the Bessemer converter in the manufacture of ordinary class of steel. 
Had it not been for the electric furnace, which is more economical than the 
crucible especially in countries 'poor in coal but having nuincroits waterfalls, 
the price of special steels would have been prohibitive for many purposes. 

During the War the production of electric furnace steed has increased 
, enormously. For instance, American electric capacity increased from 1.5 
. million tons in 1939 to 7 million tons in 1944. The average unit size has also 
increased and several furnaces of 40 to 75 tons and even up to 100 tons 
.capacity have been installed with an output equivalent to that of open hearth 
^fumaces two or three times their size. 

The use of electromagnetic circulation of the metal in arc furnaces is a 
very interesting recent development. It employs specially disposed coils 
in the hearth of the furnace, and by their aid it is possible to control both 
the direction and the intensity of circulation. This has been shown to be 
advantageous in increasing homogeneity in high alloy steels, and in hastening 
desulphurising and other reactions. This idea may be expected to be further 
applied especially on large furnaces. 

In countries where fuel is scarce and water power plentiful, 
electrometallurgical industries are highly developed and in Norway, Sweden 
and Italy electric iron smelting is practised. Direct reduction processes are 
also being developed in an effort to eliminate carbon altogether. Using low- 
temperature hydrogen reduction it is possible to produce a sponge-iron cake 
which is afterwards melted electrically, thereby making sled without any 
carbonaceous fuel. When a supply of suitable high garde ore is available 
with water power for producing hydrogen by electrolysis this process can 
be operated economically. Although these processes are not of mudi 
importance at the present time from the point of view of quantity production 
of iron and steel, these methods are of particular interest to us being ad- 
mirably suited to conditions in India where we have almost unlimited deposits 
of high grade iron ore and a restricted reserve of metallurgical coal blit, 
^levertheless, high potential resources for developing hydroelectric power. 
It is very likely that with the future industrial development of our country 
these electric smelting and direct reduction processes will assume considera- 
able importance in view of the acute national problem of coal conservation. 

Developments in the rolling mill have been remarkable and metallurgists 
are amazed at the achievements of modem rolling mill technique where the 
ingot, slab, or bloom is hot rolled at sqch a speed that the fiuishihg pass is 
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carried out above the recrystallisation temperature. This has mainly resulted 
from the advances in electrical engineering. Whilst taking up little space and 
being easy to operate motors are now built of considerable power, even ex¬ 
ceeding 20,000 H.P. in the case of some reversing mills. The mills now 
have as accessories a whole series of automatic apparatus such as travellers, 
lifting platforms, skid rollers, shears and so forth which whilst making for 
increased output decrease labour costs. The rolling mill sheds have been 
lengthened and bars rolled are longer. Outputs exceeding i,ooo tons per 8 
hour shift are of frequent occurrence. 

The rolling mill has extended its realm beyond bars and plates and its 
extension to the manufacture of weldless tubes is one of the important con¬ 
quests of metallurgy. Cold rolling has been a feature of the manufacture 
of thin sheets for galvanising and for the tinplate industry, and has made 
available for stamping out sheets of remarkable ductility and perfection of 
surface which are specially required for the manufacture of motor car 
bodies. The modern hot strip mill with its series of a number of stands in 
tandem taking slabs 4 in, to 5 in. thick and rolling the:'-' at a finishing speed 
of 2,000 ft. per minute is a great engineering feat involving vast capital ex¬ 
penditure and the auxiliary equipment, with its continuous pickling, washing 
and cleaning line, together with edge trimming, shearing, welding and so 
forth is equally complicated. 

Forging tools have progressed on similar lines in regard to power, pre¬ 
cision and ease of action.In recent times the forging press has replaced the 
hammer for heavy forgings, the hammer, whose action is more violent being 
retained for medium and small sized forgings only. There are now in 
differe'it countries several quick acting forging presses of 15,000 tons, and 
even of 20,000 tons, capable of forging 250 ton ingots. 

Though rolled and forged products account for a predominantly greater 
part of steel production, a considerable tonnage of steel is used for tae 
making of castings. Casting liquid steel to shape is often the only method 
available for obtaining some of the complicated shapes both large and small 
that a*'e required by the engineer. Advancement in the techinque of steel 
founding has kept pace with progress made in rolling and forging. As a 
result cast steel can be produced today with almost identical properties as 
the wrought product, and therefore plays an important role in the production 
line. The increase in the tonnage demanded by the engineer has been eifec- 
tively handled by mechanisation in the foundry, improvement of existing and 
development of newer and faster methods. Of the newer methods that 
have come to stay mention should be made of 'centrifugal casting’, which 
in its simplest form may be defined as the casting of metal under pressure 
of centrifugal force developed by high rotative speeds of specially prepared 
moulds. This method of producing castings has undergone a remarkable ex¬ 
pansion during the war years. Use of centrifugal methods enables the pro¬ 
duction of castings more uniform in properties and with greater freedom 
from defects, and is applicable to a wide variety of products; from simple 
cylindrical shape like pipes to more complicated shapes like crank shafts 
and propellers. 

The progress of metallurgy from the standpoint of quality has been 
quite as important as from that of quantity, if not more so, for, in regard to 
quality the work had to start absolutely ab initio. Science took its first steps 
under the auspices of analytical chemistry. Tlie determination of carbon, 
phosphorus, sulphur and manganese brought out the influence which these 
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elements had upon the quality of steel and enabled, methods of manufacture 
to be improved. Progress in the realm of chemical analysis has recently 
brought about a precise quantitative method for the estimation of total oxy¬ 
gen, hydrogen and nitrogen in steel. This method consists in heating a 
sample of the steel in a graphite crucible in high vacuum. Nitrogen and 
hydrogen are released, the oxygen and oxides react with cari)on to form 
carbon monoxide and the gases arc then collected and analysed. 

One of the main tasks of the steel makers was to discover the causes of 
the defects which had long been their despair: these included pitting, segregd- 
tion, :n..lusions, blow holes, etc.; as a resi.ilt it became possible to prevent them 
or at all events, to lessen their effect and thus to develop the methods of 
controlled production of high quality steels. Steel by virtue of its method 
of manufacture is heterogeneous, that is, it contains non-melallic impurities 
arising from the raw materials used and as reaction products resulting from 
contamination by furnace refractories. These impurities will, if present in 
massive form, lead to undesirable non-unifonnity in physical properties. The 
degree of uniformity achieved in any particular case depends partly on the 
extent to which the impurities can be eliminated by the steel mclter and 
partly on the extent to which their subsequent .segregation and shrinkage 
during solidification can be controlled by careful casting technique. 

During the last 20 years the application of the law of mass 
action to the reactibns in the steel bath and between the bath and 
slag has led to a clearer understanding of steelmaking processes. Use¬ 
ful knowledge regarding the identity and quantity of the various inclusions 
present in solid steel has also been accumulated. The identification of in¬ 
clusions can now be carried out by means of microscopic examination and 
the quantity determined by chemical analysis. The information available 
from the theoretical investigations and the practical data from gas and 
chemical analysis and microscopic examination have been absorbed into the 
steel melting technique with the result that cleanliness and uniformity are 
continuously improving. For example, electric steel is being produced re¬ 
gular!-/ today having less than 0.05 per cent, of total non-metallic impurities 
including oxygen, hydrogen and nitrogen which can be considered as high 
degree of purity bearing in mind the difficult conditions as regards tempera¬ 
ture of opeiation and the limitations set by the refractory materials comprising 
the working surfaces of steel furnaces. 

The importmt problem of segregation during solidification has been 
studied systematically for the last 20 years by the Heterogeneity of Ingots 
Committee of the British Iron and Steel Institute and much valuable data 
obtained. It has been shown that for steel of given initial cleaimess, segre¬ 
gation increases with increase in pouring temperature and increase in size 
of ingot. The actual margin available on pouring temperature is relatively 
small being about $0° C so that it is very important to be able to determine 
the temperature accurately. The Schofield Grace quick-immersion platinum 
platinum-rhodium thermocouple pyrometer which has recently been introduced 
after much research now finds extensive application in steel plants. This 
pyrometer can be accurately calibra^pd and is free from the uncertainty of 
emissivity corrections necessary wMi any form of radiation pyrometer. 

The question of piping or central tmsoundness arising due to the diminu¬ 
tion in volume which occurs when liquid steel solidifies has been taken care 
of by using tapered moulds wide end up with a refractory head on top of the 
mould proper which provides a reservoir of liquid to feed the body of the 
ingot. The head is subsequently discarded and sound ingots obtained. 
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Thus we see that for steels of high quality suitable for the heaviest 
duty the steel melter produces a material of a very high degree of purity. 
This is cast into small moulds with a high degree of taper and having 
adequate feeder head yielding an ingot of, say, i ton in weight. The result¬ 
ing ingot is entirely free from unsoundness or shrinkage cavities and practi¬ 
cally the whole of the segregates is moved into the feeder head. Where 
small ingots are inadequate in size and large ingots weighing up to 250 tons 
have to be used as for example in the manufacture of chemical vessels, rotor 
forgings, etc., segregation is minimised by careful attention to the steelmaking 
and choice of optimum casting conditions. Its position in the ingot is known 
within rea-sonable limits. Appropriate collaboration between the design 
engineer and the metallurgist then ^enables the forging operation and the 
subsequent machining to final size to be so arranged that the position of the 
segregates is located in regions where the working stresses are such that 
they can be tolerated. 

Various new methods have been introduced for the inspection and non¬ 
destructive testing of the finished material for cleanliness and freedom from 
defects. X-ray examination which is generally called Radiography to dis¬ 
tinguish it from X-ray crystallography, permits of a considered opinion being 
given on the homogeneity of steel without damaging in any way the piece 
under examination, and also brings to light internal defects such as porosity, 
blow holes and cracks provided their thickness is sufficient. This method A 
investigation is most useful for the verification of wxlds in plate work such 
as boiler work or high pressure pipe lines. 

Where the highest quality weld is demanded from design considerations 
(class I welding) radiographic inspection of all welds is carried out as a 
routine procedure. This provides a check on the welding technique and 
defective sections are cut and re-welded. 

The development of a satisfactory welding technique has involved a good 
deal of investigation and among the many factors that have contributed to the 
recent rapid development may be mentioned the marked improvements which 
have occurred in welding equipment, the degree to which certain types of 
operation can be rendered automatic, the saving of material, simplification 
in design, general convenience, and, not least, the realisation that welding, 
when properly controlled, affords a reliable and efficient joint for many pur¬ 
poses. Although in the hands of tlie expert welder the welding of steel 
appears to be a simple matter the operation is relatively complex from the 
metallui'gical standpoint and it is not surprising, particularly in view of the 
long and satisfactory experience with bolted and riveted joints, that a rather 
conservative attitude has been displayed to welded joints and it is by such 
large scale testing of welded structures by radiographic method, by thorough 
mechanical testing of welds and by tlie inti'oduction of suitable safety factors 
that this lack of confidence has been eliminated. 

The procedure of radiographic testing, briefly, is to place the sample 
on a photographic film, and then irradiate it from a source of X-rays or 
gamma-rays. The radiation is absorbed by the metal and the amount of 
absorption is dependent on the thickness of the meta^ in the path of tlie 
beam and on its density. A cavity in a casting causing a reduction in the 
thickness of the metal to be penetrated gives a lower absorption of radiation 
and the film is consequently blackened to a grater extent beneath the cavity. 

The wave length of the radiation is important because for penetration 
of a metal such as iron with a high density no great depth of metal can be 
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penetrated by rays generated at low voltages. With a pressure of 400 
Kilovolts it is possible to obtain results only through thickness of 4 to 5 
inches of metal. 1,000 Kilovolt units are now becoming available. The use 
of gamma-radiation from radioactive substances which has a wave length 
50 to 100 times shorter than tliat of the X-rays permits very large thicknesses 
to be examined but the exposure times arc long since the quantities of radio¬ 
active substances available correspond to very low power genei'ators of X-rays. 

Usually a defect with a linear dimension' of, say, 2 per cent, of the 
thickness of the metal in the direction of the beam of X-rays can be detected 
with normal practice. . Small defects such as fine cracks are^ not readily 
observed and for these purposes supersonic method of testing is to be 
preferred. 

The use of supersonics has been introduced more recently. In this 
method a quartz crystal is set into oscillation by an electrical exciter and 
is then put into intimate contact with the metal part under examination. 
The elastic waves produced in the crystal are transmitted through the steel 
and reflected from the far end of the test piece. The rellected wave is received 
on a second crystal and its amplitude is recorded on a cathode-ray oscillo¬ 
graph. If any llaws exist in the path of the wave they produce subsidiary 
reflected waves which appear in addition to that resulting from the far surface 
of the test piece. The size of the defect which can be detected depends on 
the wave length of the oscillation set up in the cpiarlz crystal and can be 
varied by suitable design of the electrical exciter. 

Another metliod which is now being used extensively is what is commonly 
known as “magnaflux”. This is particularly suited to revealing inclusions or 
defects in or near the surface. Sucla defects may act as sti*ess raisers and 
are undesirable in components subject to high alternating stresses. The 
part to be examined is magnetized and is then covered with a fine suspension 
of magnetic material. Any discontinuity in the magnetic circuit such as an 
inclusion, is shown up by a segregation of powder in its vicinity. 

I will not undertake to review, even briefly, all the different classes of 
special steel made available during the last 50 years. The number of binary, 
ternary and still more complex alloys of iron, carbon and 
various metals such as chromium, nickel, molybdenmn, vanadium and 
tungsten now reaches a very high figure and the properties of all such alloys 
can be made to vary in innumerable ways by changes in the forging and 
thermal treatment processes to which they are subjected. 

Among the most hiteresting alloys may be mentioned high speed steels. 
These alloys have revolutionised tlie mechanical engineering industry by 
allowing of rapid machining and thus increasing to an unsuspected degree the 
yield of labour and machine tools—result which is not without its dis¬ 
advantages from the social point of view. It is slated that Taylor and White 
made more than 50,000 experiments before arriving at the best composition 
and heat treatment for the high speed tool steel which created a sensation 
at the Paris Exhibition of 1900, when for the first time a heavy lathe was 
seen running with the tip of tlie cutting tool at a red heat. 

For a long time further development of tool steels was on empirical 
lines, a little of first one element and then another being added until improved 
properties were obtained. ^ Now, largely owing to use of the methods of 
isothermal transformation it has been' possible to analyse the separate effects 



Engineeyhig" akd 'Metallurgy ' 29 

of various alloying elenients on the rate of transformation on which hardening 
and softening depend. 

. The principles of heat-treatment of steel can be considered briefly In 
relation to the simple case of ordinary carbon steels. At room temperatures^ 
the iron in carbon steels exists in the form of ferrite or alpha iron which 
crystallises with'body-centered cubic lattice; at high temperature, the iron 
undergoes an allotropic change to austenite or gamma iron. Carbon is very 
sparingly soluble in ferrite but the solubility is considerable in austenite, so 
that when steel is heated through tlie allotropic change not only does the 
arrangement of atoms on the crystal lattice change from body-centered cubic 
ferrite to face-centered cubic'austenite but alsa solution of carbon takes place* 
On slow cooling from this critical temperature carbon is precipitated and the 
slower the cooling the higher” is the average temperature at which the precip- 
tation of carbon occurs. If the sample is quenched there is insufficient time 
for breakdown to occur- at-the high temperature, the JecompQsition oi 
austenite is delayed and occurs at a lower temperature. In this case a hard 
and somewhat brittle material is obtained—w-hich is called martensite the 
hardness of which depends on the carbon content. 

, Martensite is an unstable product having a body-centered tetragonal 
structure dn which the axial ratio increases with increasing carbon content* 
It is instructive to note that austenite, martensite and ferrite can all be coii'- 
sidered as body-centered tetragonal structures differing only in axial ratio. 
Martensite accordingly may Le viewed as an intermediate step in the trans¬ 
formation from austenite to ferrite, a step in which the interstitially dissolved 
carbon atoms of austenite are retained in supersaturated solution in suca 
a manner as to prevent for a time the completion of the transformation and 
producing great hardness due to internal strain. The simple concept of 
martensite formation by compressing the height and increasing the evo^s. 
section of the body-centered tetragonal lattice of gamma iron does not, how-, 
ever, explain the observed orientations of mai'tensite and a theory of trans¬ 
formation involving a shearing mechanism has been suggested. 

On reheating or tempering this martensite much below the critical tem¬ 
perature the hardness can be reduced and the ductility increased so that a 
wide selection of properties from a single steel can be obtained by suitable 
treatment. Such quenched and tempered steels have a high degree of 
toughness in comparison with air cooled material of similar hardness. 

The introduction of the method of isothermal transfomiation used with 
great success by Bain and Davenport can perhaps be considered a landmark 
in the study of transformation rates w’hich has provided quantitative data 
on the problems associated with the breakdown of austenite during quenching. 
In this method specimens are heated to a suitable temperature for the produc¬ 
tion of austenite and then quenched into liquid baths maintained at constant 
temperatures. If the temperature is one at w-hich the ferritic structure is ffie 
normal stable condition there is a tendency for the austenite to decompose 
to ferrite and by dilatometric, magnetic and other studies the time after 
quenching for the beginning and end of transformation can be obtained 
When these times are plotted against temperatures we get a Tirae-Ttari^- 
forniation-Temperature curve (S-curve) from which it is found tliat the- 
transformation in carbon steels begins and is completed.in a short, time at a 
range of temperatures in the region of 600^ C. It will be clear, therefore,, 
that unless the rate of cooling through this r?nge is rapid during normal heat- 
treatment some'transformation will take place at the higher temperatures- 
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and a fully martensitic product will not be obtained. This critical rate oi 
cooling has been found to vary with the carbon content decreasing with 
increasing carbon content up to about 0.9 per cent, carbon and also with the 
grain size of the steel—coarse grained steel being less readily transformed 
than fine grained. 

To produce thoroughly hardened structures in large sections it is necess¬ 
ary to make alloy additions. These alloying elements h<ive the effect of in¬ 
creasing the time required for the transformation to begin and they also re¬ 
duce the rate of transformation when it has begun; in other words they in¬ 
crease the hardenability of steel. The tendency for carbon to be precipitated 
in the higher temperature range is thereby reduced. 

For the quantitative treatment of practical problems a quicker and more 
practical method of assessing the hardenability of steel which has found most 
favour in the United States is the end-quench test introduced by Jominy and 
Boegehold. The advantage of this test is that many of the major factois 
influencing heat treatment are, in effect, brought into one test so that the 
behaviour of a steel in a variety of sections can be assessed from a single 
test. In this test a suitably heated bar i inch diameter by 4 inches long is 
quenched by a jet of water directed at one end only. When cold, hardness 
measurements are made at points along the length of the bar and the results 
plotted graphically. 

It has already been mentioned that the rale of cooling in the region of 
rapid high temperature transformation is important in obtaining full hard¬ 
ening and it will be clear that the rate of cooling also vaides along the length 
of the Jominy bar. Actual rates of cooling at different positions can be 
matched with rates of cooling at the centre of bars of different diameter. 
A prediction can, therefore, be made of the size of bar which caia be effec¬ 
tively hardened in steels of differnt type. When fairly complex steels are 
under consideration, the shape of the T-T-T curve is ratlicr more complicated 
and Jominy's criterion for comparison may not be the only important con¬ 
sideration. Nevertheless, the data obtained by the test are very useful. 

Attempts have been made to calculate the hardenability of a steel direct¬ 
ly from its chemical composition and grain size. The method is extremely 
simple but unfortunately though certain steels appear to conform reasonably 
well with the theory, general experience indicates that calculated hardness 
values particularly for steels containing two or more alloying elements arc 
frequently erroneous and some recent woi'k carried out in England indicates 
that the problem of calculating hardenability from chemical composition is 
extremely complex and it is very unlikely that any wholly satisfactory metho<l 
capable of easy application is likely to be developed. 

An impostant factor which has emerged as a result of the transforma¬ 
tion investigations is that the effect of alloying elements on hardenability is 
not merely additive but is multiplicative. The cumulative effect of small 
amounts of several hardening elements is much greater than a corresponding 
larger amount of one only. For example, molybdenum, manganese and 
chromium have very similar individual effects on hardenability; an addition 
of 0.5% of each is however roughly 2 or 3 times as effective as the addition 
‘Of cent, of one element singly- Recognition of this has enabled steels 

of the required degree of hardenabilivy to be produced with considerable 
economy in alloying elements and has proved of greatest value during the 
war in the matter of consei'vation of strategic alloying elements. 
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One aspect of the influence of chemical composition which should not 
be overlooked is the wide variation of hardenability which can be obtained 
Avithin the limits of a single steel specification, A permitted range of analy¬ 
sis is an essential feature of every specification, and there are also present 
in most steels small but variable amounts of elements inadvertently picked 
up during melting, usually referred to as ''residuals”. These, variations In 
analysis naturally lead to variations in hardenability from cast to cast of 
what is nominally the same steel. 

The opportunity for increased application of the principle will be widen¬ 
ed the more the user forgets about the old chemical requirements for any 
steel and specifies in terms of suitability in tenns of quench hardening in a 
given section. Chemical composition means little or nothing to the engineer 
who is chiefly concerned with mechanical properties. Specification on a 
hardep.ability basis would help to avoid unnecessary waste of alloying ele¬ 
ments. In the course of the war it was discovered that the nupiber of diff¬ 
erent compositions of alloy steel for engineering use had been extravagantly 
large and a study was made in England by a Technical Advisory Committee 
which found among other things that for parts requiring steel of 55-65 tons per 
sq, in. tensile strength, there were in use seven different alloy steels—Mn Mo, 
C Cr, Cr Mo, 354 Ni Mo, 3 Ni Cr, 3 Ni Cr Mo and 3 Cr Mo which could 
have been in most cases satisfactorily replaced by a properly heat treated 
ordinary carbon manganese steel. The Committee made drastic revision of 
the specifications and reduced their number from 3,000 to 83 with resultant 
great economy of material. 

Another example where rapid progress has been made with less expen¬ 
diture of labour and material through being based on a more systematic 
knowledge of the constitution of metallic systems which we now possess is m 
the case of permanent magnet steel. The original Japanese (Mishima) steel 
for permanent magnets was invented as the result of a very lengthy series 
of trials of alloys of varied composition, probably running into many thous¬ 
ands. Although magnetic theory is still imperfect in comparison with that 
of other branches ot physics, it has made such progress that the latest com¬ 
positions and heat treatments of permanent-magnet steels, including cooling 
in a strong magnetic field have given results far transcending those of the 
Japanese workers, without the long and laborious process of trial and error. 
The constitution of these complex steels has been revealed and has proved' 
useful guides to composition and heat-treatment. 

The original Mishima magnet was an alloy containing 29 per cent, nickel 
and 13H per cent, aluminium. These were further improved by the addition 
of cobalt. These alloys, in contrast to the earlier carbon and tungsten 
steels, were hardened by a precipitation process without the use of carbon 
as an essential hardening element. The British Alnico permanent magnet 
was the next development which contained copper in addition to iron, nidcel, 
aluminium and cobalt and it was soon found that these alloys when cooled 
from a high temperature in a strong magnetic field gave remarkable results 
with an increase in energy content to approximately double that of the best 
alloys that were formerly available. Magnets treated in this way are aniso¬ 
tropic and in directions at right angles to the originally applied field there 
is slight reduction in the properties. 

Alnico magnets present no difficulty to casting operations if the final, 
product is to be of large, regular size. But the product is mechanically 
weak, because of large grain size and is difficult to machine into small parts 
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or • those of' intricate shape. ' These small magnets are now ’'made by the 
"powder inetallurgy'' technique since they can be moulded of powders direct¬ 
ly to size and shape and their dimensions held within commercially accepted 
tolerances during subsequent sintering. The maghetig properties of the- 
sintered. magnets are comparable with those obtained by casting technique 
and their grain size is very considerably finer.' As a result the magnelic lliiK 
distribution in the sintered magnet is relatively more uniform and its mcch<i- 
nical strength is several times that of the cast-ahiico/ This "powder metal- 
lurgy’' has recently become an important part of industry. . Among other 
developments the production of porous masses having good mechanical 
strength but being able to absorb and -retain oil so providing self-lubricating 
bearings may be mentioned. Such objects as gears may be made to exact 
shape by moulding thus avoiding the labour and cost of machining from a 
solid block. A further ^^ery important class of materials prepared by this 
method is^that of the “hard alloys" consisting of metallic carbides bound into 
a compaermass by metallic particles and used as cutting tools. 

For permanent magnets the internal strain aiid non-homogeneity in the 
steel have to be kept as high as possible in order that the material may not 
U: readily demagnetized. Now, it has been found by X-ray methods that 
these large internal strains are introduced in the iron nickel aluminium 
alloys by a segregation on an atomic scale which takes place on the parent 
lattice when the alloys are cooled from a high temperature due to breaking 
up of the original structure into two phases having different lattice parame¬ 
ters. The extent of the segregation is controlled by varying the rate of 
cooling and it has been fouml that the optimum properties are oblainecl only 
by a definite rate of cooling so that complete separation into two phases does 
not occur. 


The heat treatment given to these anisotropic alloys consists in cooling -tt 
a controlled rate from about t, 200° C to 600° C in the presence of a magnetic 
field. By this treatment the internal strains resulting from precipitation 
hardening and also from magnetostriction both tend to maintain the magneti¬ 
zation n a particular direction, i.e,, the direction of the originally applied 
field. The energy content of the permanent magnets now available commer¬ 
cially :s more than ten times greater than that of the old 6 per cent, lungstcu 
steels and m addition they possess a high resistance to loss of maguclizalion 
due to repeated impacts, alternating magnetic fields and exposure to elevated 
tempeiature. 


Interesting as the results have been in the development of permanent 
magnet steels, equally important developments have taken place in the field 
of high permeability materials. The marvellous impetus arising out of the 
inventive genius of Ampere and Faraday would have been greatly hampered 
had not metallurgists placed at the disposal of electricians silicon-iron sheets 
or low hysteresis and high resistivity, without which the cool running of 
hign-power dynamos and alternators would have been impossible and the 
ei iciency of these machines extremely low. High voltages require to be 
ti M- rmed up and ilown by several steps; hence the efficiency bf transfor- 
mers becomes a question of primai^ importance. By regulating composition 
and rolling and rhennal treatment it has been possible in a very few years to 
cut down cyclic losses and reduce tlie'same in the proportion of 3 to i. 

manufacture of transformer sheet is carried out using :i 
fSnr fn'f y^'^'^ces impurities such as carbon, oxvgen Li 

sulphur to a minimum. The sr.eet, after rolling, is subsequently heal-trealed 
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to give a large grain size and to have very low residual stresses. The pre¬ 
sence of 3 to 4 per cent, silicon enables the oxygen content to be kept low 
and it also gives a material with higher electrical resistance than pure iron 
which leads to a reduction in eddy current loss. 

Whilst in permanent magnets the strain and non-homogeneity must be 
kept as high as possible, the essential requirement for high permeability 
material is the elimination of internal strain. The presence of foreign atoms 
such as carbon, sulphur, etc. particularly when segregated on the iron lattice 
leads to local regions of strain and prevents easy magnetization. Stresses 
set up by plastic deformation or by precipitation phenomenon have also au 
adverse effect on permeability. Further, large grainsize material is prefer¬ 
able because the lattice distortion which is anticipated at the grain boundaries 
of a sheet having different crystallographic orientation may affect adversely 
on the magnetic properties. 

In single crystals, the magnetization depends upon the orientation of the 
crystal relative to the direction of the magnetic field. The crystallograph* 
cally equivalent directions in which saturation is attained with the lowes. 
field are known as the easy directions of magnetization. On single crystals 
of iron it has been found that the easy direction of magnetization is along 
the cube edge of the crystal. By suitable cold rolling and annealing treatment 
preferred orientation can be set up in polycrystalline sheets whereby the 
majority of the grains are oriented so that the cube edge lies in the direction 
of rolling. Such material behaves approximately like a single crystal and 
if magnetization is directed along the rolling direction, it gives a substantial 
improvement in performance over normal polycrystalline material. This 
principle is now being applied to the 3 per cent, silicon iron alloys. 

For special purposes where very high permeabilities at low field strengths 
are required alloys of the iron nickel type are used. Here too improved 
properties are obtained by utilization of the preferred orientation produced 
by careful rolling technique and by thorough annealing often at high tem¬ 
peratures in an atmosphere of hydrogen presumably to reduce the impurities- 

Like the permanent magnets additional improvements have been achieved 
by cooling the iron nickel alloys from the heat treatment temperature in a 
magnetic field. The elastic stresses which are set up due to the change in 
volume on magnetization occurring owing to magnetostriction are probably 
relieved by slow cooling in a magnetic field and thus account for the improv¬ 
ed magnetic properties. On materials containing about yo per cent, nickel, 
the maximum permeability is increased by a factor of from 10 .to 80 times 
when tested in the direction of the originally applied field. It must be 
remembered, however, that the enhanced magnetic properties obtained as a 
result of preferred orientation or by cooling in a magnetic field are directional 
and as in the case of permanent magnets already mentioned, the resulting 
material is anisotropic and in directions other than the preferred direction 
the properties are inferior. 

Within the field of steel metallurgy the development within recent timeS' 
which has most widely appealed to ordinary laymen has been that of stainless 
steel. The benefits of this development have been extremely widespread and 
indeed have reached almost every modem household in the form of stainless 
steel cutlery. The industrial and engineering uses of this new series o£‘ 
steels .are probably of even greater value to the modem economy although 
they are less well appreciated pubhdy. 
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The discovery of stainless steel is a well-known story. In 1913 Harry 
Brearly of Sheffield was experimenting with alloy steels for gun barrels and 
among the samples which he threw aside as being unsuitable was one con¬ 
taining about 14 per cent, chromium. Some months later he saw the pile of 
scrap test pieces and noticed that most of the steels had rusted but the chro¬ 
mium steel was still bright. This led to the development of stainless stc^els 
as typified by our present day cutlery. At first there was just this 'stainless 
steer a relatively simple alloy containing about 12 to 14 per cent chromium 
and 0.3 to 0.35 per cent, carbon with iron as the major constituent and much 
smaller proportions of silicon and manganese. Since then the so-called 
stainless steels, which really should be designated as corrosion-resistant steels 
have multiplied, until the designer and engineer today have at their disposal 
a whole range of complex materials intended both to provide varying degrees 
of hardness and to meet the innumerable forms of corrosiv'e attack. 

The materials now available can be classified under 3 general headings: 

1. Plain chromium steels (12-20 per cent, chromium) with different 

carbon content. 

2. High chromium low nickel steels (16-20 per cent, chromium with 

2 per cent, nickel.) 

3. Austenitic chromium nickel steels with or without additions of 

special elements such as tungsten, titanium, colnmbium, molyb¬ 
denum and copper. 

The essential steel under Group (i) contains about 13 per cent, chromium 
with 0.3 per cent, carbon and was the original steel as used for stainless 
cutlery. For optimum corrosion-resistance it is necessary that the steel 
should be put into a hard condition and, of course, a knife demands a haid 
condition to give suitable cutting properties. When engineers realised th » 
corrosion resisting properties obtainable from this steel they naturally thougnt 
of^ the possibility of a stainless steel which w^ould be equally rustless ;md 
acid-resistant but which would be sufficiently soft and ductile to permit 
fabrication into items of chemical and engineering plant. 

The first step in this direction wa.s to reduce the carboti content of llr* 
steel to something of the order of 0.1 per cent. This resulted in a steel 
which was softer and which had an appreciable degree of ductility, at tlic 
same time having a corrosion resistance in its soft condition (jf a similar 
order to that of the hardened stainless knife. The low carbon stainless thus 
produced is often referred to as stainless iron. 

The steel in Group (2) is of the hardening type and is usually ]mt into 
servic_' with a tensile strength of the order of 50-65 tons per sq. in.' It will be 
looted that this steel contains a somewhat higher chromium content than the 
cutlery stainless steel and th,e stainless iron referred to earlier. ]n addition, 
approximately 2 per cent, of nickel is added with the result that in the 55-65 
tons per _sq. in. tensile condition this material possesses corrosion properties 
intermediate' between the plain chromium steels already discussed and th* 
austenitic steels to which I will now refer. 

Coming now; to steels in Group (3) these are all essentially austenitic 
by virtue of their higher alloy content. The corrosion-resistance of this 
steels is the highest obtainable and at the same time these steels 
Mve the m^imum degree of ductility and lend themselves mo.st readily Id' 
labrication into chemical plant. ^ 



Engineering and Metallurgy 35 

These materials depend for their corrosion-resistance on thin surface 
oxide films generally formed by exposure to air. Although such films exist 
on mild steel and low alloy steels, they are readily penetrated by corrosive 
agencies. The high percentage of chromium in tlie steel is responsible for 
giving a very much stronger protective film. This is generally referred to 
PS the passive film and it will be interesting to know that this film can actually 
be separated and observed.. A remarkable feature of this film is that if the 
surface of the steel is scratched, the corrosion resistence is not destroyed, 
as spontaneous self- healing of the film takes place. The addition of nickel, 
molybdenum and other elements modifies the corrosion-resistance and we 
deduce that these elements assist in producing a modified protective film. 

The formation of an oxidized film, highly protective against chemical 
attack, was an old experience of workers in steel, the colour of the film 
varying with its thickness, and being used as a means of determining the 
temperature to which the steel had been heated. The film which is the cause 
of passivity is regarded as being of the same nature, but as too thin to show 
colour. A strong film may be isolated either by dissolving away the metal 
as in the case of iron or by removing the metal as a volatile compound as 
in aluminium. 

When the layer of oxygen on the surface is too thin to form a film with 
a definite refractive index, it may yet be protective, and may be detected by 
other means than optical measurements. X-rays even at glancing incidence 
penetrate too deeply but beams of electrons reveal a structure. As a means 
of studying structure, the electron beam method resembles the use of X-rays 
of exceedingly short wave length although caution must be used in the inter¬ 
pretation of the patterns on account of the different degrees of interaction 
with atoms. ^ The penetrating power of electrons is, however, very small 
compared with that of X-rays and this makes the method particularly valu¬ 
able in the study of thin films and of surface structures. It has been shown 
for instance, by the electron diffraction experiments that whilst most oxide 
films on solid metals are crystalline, tlie highly protective character of the 
thin film formed on aluminium and some of its alloys at low temperatures 
is associated with its amorphous character. 


The discovery and development of the chrome-nickel austenitic class of 
steel had an enormous influence on chemical industry. Welding is used to 
a great extent in the fabrication of such equipment and the very serious 
troubles which were encountered at the initial stages wx^re due to the pheno¬ 
menon of ^ weld deca.y.'' It was found that under certain conditions the 
material in the immediate vicinity of the weld was subject to a virulent type 
of intercrystalline corrosion. On cooling from the welding temperature, the 
small content of residual carbon in the steel was precipitated at the grain 
boundaries and formed chromium carbide. This led to a local impoverish¬ 
ment in chromium and prevented a satisfactory protective film being formed, 
^^nder these conditions, rapid corrosion could occur at grain boundaries 
leading tc a speedy disintegration of the steel. Once this mechanism had' 
been discovered, a cure was rapidly introduced, namely, close control of the. 
carbon-content and addition of elements such as titanium and niobium which' 
have a greater affinity for carbon than chromium. 

While considerable progress has been made with the more highly^ 
alloyed types of steel as mentioned above which possess a very high degree’ 
of resistance to corrosion, the study of the effect of small alloy additions 
upon the rate of corrosion of iron has not -been promising in that no great * 
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improvement has been obtained with small additions of alloying elements. 
The object governing the manufacture of these steels has been to obtain at 
not too high an increased cost a steel capable of resisting, not indefinitely 
but longer than ordinary steel, the action of the air in the atmosphere of a 
works or the corroding action of water, chiefly sea water. The use of very 
pure iron alone or with the addition of a proportion of copper or molybdenum 
has given interesting results in particular instances. A steel with 0.5 per 
cent, copper and i per cent, of chromium is reported as being 50 per cent, 
better than mild steel and roughly the same result is obtained with 3 per 
cent, nickel. Lack of success in this direction has led to an extensive study 
of protection by paints, etc., and an improved practice has been established 
where the importance of proper surface preparation and the use of efficient 
inhibitive priming paints are stressed. This has been made possible from the 
very important contributions to our knowledge of the fundamentals of the 
subject of corrosion which have been made as a result of a continuous attack 
on this problem during the last 20 years. Laboratory studies on atmospheric 
coiTOsion with particular reference to the formation and breakdown of 
primary oxide films and the effects of impurities, including solid particles 
and relative humidity as well as extended field study of the corrosion of iron 
and steel have also been of great importance. 

Metallurgy has been busy of late years in the study of steels which show 
satisfactory resistance both to mechanical stresses and to oxidation at high 
temperatures. Research on these lines is most interesting, particularly with 
reference to internal combustion engines whose efficiciic}?' rises with the tem¬ 
perature of the cycle. At present the available typos of alloy include a 
number of different groups rather similar to the groupings of corrosion 
resistant alloys. The question o-f the most suitable material for any appli¬ 
cation depends on whether resistance to scaling is required or whether main¬ 
tenance of strength at high temperature is the dominant factor. They are 
as follows: 

(i) Silicon-chromium steels, 

(^2) Plain chromium steels (12-30 per cent, chromium), 

(3) Austenitic chromium nickel steels with or without additions of 

tungsten, molybdenum, titanium and other elements. 

(4) Higher nickel chromium alloys such-as alloys containing 60 per 

cent or more of nickel and the balance largely chromium. 

The silicon chromium steels in Group (i) possess good resistance to 
oxidation and are used essentially for the manufacture of internal combus¬ 
tion engine exhaust valves. In this steel the chromium does much towards 
providing resistance to scaling and is reinforced by the high silicon content 
Sieels in Group (2) that is, the plain chromium steels are useful for resis¬ 
ting scaling' at elevated temperatures but such steels have no appreciable 
strength at high temperatures. The austenitic chromium nickel steels con¬ 
taining other special elements in Group {3) have amazing properties. For 
example, a steel is available today whidh is satisfactory as regards resistance 
to scaling and which at a red heat, has a fatigue strength of a similar order 
to its fatigue strength -at normal temperatures and' exceeding the fatigue 
strength of mild steel at ordinary temperature. . This makes possible the 
production of apparatus which is ^pable of working Under high stresses in" 
aj range of fetpperature that has hitherto not'been possible.- ^ ' ■ L • 
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Fundamental vvork on the mechanism oi the oxidation of metals at higii 
temperature and the growth of such oxide films has provided a satisfactory 
background to the industrial research inio the development of these alloys. 
If we consider the oxidation of metals exposed to air we find that the heavy 
metals do not readily burn in air, and yield oxidation curves which definitely 
fall off with time; this is not surprising since the oxide, if unconstrained,, 
would occupy a larger volume than the metal destroj’cd in producing it and 
is, thus likel}^ to be obstructive. There is, especiaily at high temperature, a 
law of growth of thick oxide films according to which the thickness of the 
film increases as the square root of the time, dliis parabolic law, however,, 
does not apply to thin films and moderate temperatures where a law of 
logarithmic type is more usually found. It has been suggested that when 
a metal with a thin oxide layer is exposed to air, a consiant voltage is set 
up across the layer and that growth is usually due to the migration of metal 
ions through it. The rate of migration is in certain circumstances strongly 
dependent on the field, so that, oxldalion practically ceases at a certain 
thickness. 

One aspect of heat resisting steels wdiich has been of great practical- 
importance in the engineering demand for materials to withstand high 
stresses at elevated temperature is that of the phenomenon of “creep.’’ Creep 
is the slow continuous permanent yielding under steady load and is charac¬ 
teristic of metals at temperatures above their recrystallisation temperature and 
is accordingly significant in most engineering metals, at relatively high tem¬ 
peratures. If a tensile test is pulled in the normal manner at elevated tem¬ 
perature, the material yields at a certain stress and ultimately breaks at a 
higher stress. On the other hand if a considerably lower stress than that 
required to cause the steel to yield under normal conditions of test at high 
temperature be applied for a long period of time the material will still 
elongate or “creep.” This phenomenon of creep comes into play at tem¬ 
peratures around 400° C. and upwards and at temperatures of the order of 
-600^ —800° C the question of creep may become very serious. 

If a tensile test were made at 500° C on an ordinary mild carbon steel 
having at room temperature a maximum stress of say, 30 tons per sq. in. and 
a 0.05 per cent, proof stress of about 17 tons per sq. in., these values would 
probably be about 20 tons per sq. in. and 8 tons per sq. in. respectively. But 
the deformation at 8 tons per sq. in. would not stop during the course of the 
test and if the test were prolonged the rate of deformation would still be 
of the order of 0.001 per cent, per hour at 100 hours and would probably 
not have decreased very much at 1,000 hours. It is often found that the 
rate of creep increases with time instead of remaining constant or decreasing 
and failure may occur at a much earlier time than would be expected. If 
we consider the case of still higher temperatures, say 1,000^^ C and the use of 
lieat resisting steels where oxidation would not be an important factor leading 
to premature failure, then in the normal tensile test the maximum stress 
would be of the order of 5 tons per sq. in. but the permissible stress over 
a period of years would only be a' few hundred pounds per square inch, since 
the creep would be very considerable at higher stresses. 

It will be clear from the above examples that in order to-assess the; 
suitability of a material for service at elevated temperatures not only has the. 
time factor to be considered but als'o the amount of permissible deformation 
in service life has to be estimated before a safe stress can be determined. 
In recent years a large amomit of work has been carried out on the determina - 
tion of the “limiting creep stress” of materials at different temperatures, this 
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being the stress at which the deformation in a given period of time will not 
exceed a given (_very small) amount the definition of limiting creep stress 
'tlius being more or less arbitrary. The periods usually lie between 1,000 
and 100,000 hours and the pennissible deformation is usually i per cent, or 
less. Thus to properly study the different rates of creep under various 
stresses at different temperatures is a lengthy procedure. 

Many attempts have been made to deduce creep properties from other 
properties which can be determined by relatively rapid tests or from creep 
tesis in which the time of testing is greatly reauced by using higher loads. 
Hatfield’s “Time-Yield” method of assessing the creep characteristics of 
materials in a relatively short time has been found to form a very useful 
basis for rapid comparison. The “Time Yield” stress is aiiproximateiy 
equivalent to a rate of creep of i| 1,000,000 inch per inch per hour. A 
specimen submitted to the “Time Yield” stress for the temperature in ques¬ 
tion should not show an extension exceeding 0.5 per cent, ot the gauge length 
in the first 24 hours, and during the next 46 hours should show an extension 
not greater than i|i,000,000 inch per inch per hour. 


The study of creep resisting materials of low alloy type has received 
a very considerable stimulus from the tendency for steam plant 111 power 
stations to work at high temperatures and pressures; and during the war 
years the development of the gas turbine tor jet propulsion has given a 
similar incentive for the study of high alloys of the heat resisting types. 
Ordinary mild steel usually gives excellent service in suitably designed com¬ 
ponents in the range of temperatures up to about 400° C. With the increase 
in the size of plant larger forgings Jiave been called for and it has been 
necessary to use alloy additions such as nicke’l, chromium and inolylidenuin 
to obtain improved mechanical properties suitable for the higher operating 
stresses at normal temperatures. These steels are also more re.sislant tJ 
creep than are carbon steels. At higher temperatures the composiliou 
requires to be such that resistance to oxidation is sufficient for the service 
conditions and it has been found advantageous as already explained, to work 
wim austenitic alloys ot the liJ per cem. clirutuium 8 per cent, nickel type. 
Yhe original 18-8 steels are better in resistance to creep than are mild steel 
or even the low alloy types at temperatures of the order of 50c5° C, and 
upwards, but additional improvements were obtained by the addition of small 
quantities of special elements sucli as tungsten, molybdenum, titanium and 
niobium. These elements fonn compounds with carbon and a part at least 
of the carbides so formed can be dissolved in the austenite at high tempera- 
tures and slowly precipitated subsequuently at temperaluures of the order 
of 700® C. 


fhe importance of the use of metals of high melting point and the 
ciiectiveness of alloying as a means of improving the creep strength has been 
stressed m the inetallin-gical control of creep. Grain coarsening thoitgh 
generally exerting a favourable influence on creep strength is undesirable 
in other respects and is avoided if possible. The most useful expedients in 
practice are the addition of alloying elements which raise the softening 
temperature, the judicious use of precipitation hardening effects and, in the 
appropriate temperature range, of a carefully controlled degree of work 
hardening. The relation between precipitation hardening and increase of 
creep resistance has been shown to be complex but a close relation exists 
between fte forni of the solid solubility curve and the composition of the 
precipitation hardening alloy which gives the most favourable results at a 
^iven temperature of service. The creep resistance of many alloys is afieclcd 
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profoundly by small additions made during the oxidation process^ In these 
cases there appears to be little relation between the metallographic structure 
and the creep resistanc, and the explanation of the phenomena is still 
uncertain. Co-operative research work has recently been started in England 
in order to study, by means of X-rays, the change in lattice structure during 
the progress of creep and other associated phenomena, such as creep recovery 
and relaxation and it is hoped by '’this means to throw more light on the 
fimdamental causes of creep. 

This brings me to the application of X-ray diffraction methods to the 
study of metallurgical problems. In X-ray photographs of metals, the lines 
produced by each element, or phase, are characteristic, and their general 
pattern enables the crystalline structure to be identified; the scale of the 
pattern can be used to determine accurately the size of the unit cell and 
therefore the distance apart of the individual atoms; and from the relative 
intensity of the lines can be deduced the distribution throughout the unit 
cell of the various types of atoms in an alloy, or in other cases the degree 
of preferred orientation in the material. In addition the sharpness of the 
lines provides information on both the state of strains and the grain size of 
the material. 

The technique of X-ray crystallography and its industrial application 
have expanded considerably in the past 15 years and have provided important 
fundamental information about metals. The sizes and arrangement of the 
atoms are known; from such information it is possible to deduce which 
elements will take their place in the lattice of the solvent metal and which 
will be accommodated in the interstices, a matter of great importance in 
determining the properties of an alloy. X-ray metliods also indicate limits 
of solid solubility, fixed mainly by geometrical considerations and recent 
work has shown how the first segregation of foreign atoms occurs in the 
varied series of changes known as age hardening. 

The theory of metals, involving problems of extreme mathematical 
difficulty, is progressing rapidly. The application of wave mechanics to the 
physics of metals and the recently acquired knowledge of tlie crystalline struc¬ 
ture of alloys have enabled many of the peculiar properties of alloy systems 
to be correlated—a particularly outstanding achievement being the quantum 
derivation of tlie Hume-Rothery rule governing the electron: atom ratio for 
the phase boundaries in certain alloy systems. 

Physicists tell us that the true fracture strength of a metal is theoreti¬ 
cally at least ten times as large as the observed overall fracture stren^h. 
If metallic niasess consisted of perfect crystals the problem of predicting 
their mechanical strength would not be difficult; but they are not perfect. 
Crystals have an internal mosaic structure and it has been suggested that 
the observed mechanical properties are governed by the presence of minute 
dislocations or flaws which can be displaced during a change of form, A 
knowledge of the space lattice and of the electrical condition of the metallic 
atoms is not enough for predicting the cohesive properties' of a metal in mass 
and we have to be content with empirical results. 

Metallurgy is not a fundamental science. In so far as it is a science at 
all, it consists in the study of physics and chemistry as applied to the special 
class of metallic substances. It existed as an art thousands of years before 
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it was ftii'nished with a scientific basis, and in some branches skill and cinpi- 
rical knowledge still outw^eigh scientific understanding. ^ It is at an cxcilmg 
stage of development in which broad generalisations like those existing in 
the older sciences had not yet emerged. The field is ripe for great advances 
in the formulation of general principles, for a wealth of uncorrelated experi¬ 
mental material exists. As theoretical knowledge increases it will lead 
application and not, as in the past, follow it. We can look forward to i 
period in which the nature, structure and behaviour of metals arc so well 
understood that alloys can be designed with certainty for new applications 
with little development work. Simultaneously, possibilities are atl ractivc for 
getting better service from present alloys as their nature and treatment are 
understood and stopping the wastage of our limited natural resources by 
proper utilization of alloying elements. 



SECTION OF AGRICULTURAL SCIENCES 

Pjresident: Rai Bahadur Kalidas Sawhney, M.Sc., RA.Sc. 

URGENT AGRICULTURAL PROBLEMS OF INDIA AFTER 

PARTITION. 

{Delivered on January 3 , 1948 ) 

INTRODUCTION 

It is my foremost duty to offer you my sincere gratitude for the honour 
you have conferred on me by inviting me to preside over the deliberations 
of the Agricultural Section of the Indian Science Congress. The honour 
is all the greater because this is our first meeting after the Country gained 
independence on 15th August 1947. I am conscious of my limitations but 
I hope that I will receive full cooperation from you in making our delibera¬ 
tions a success. 

It has been more or less customary for the President of this Section 
to give in his address an account of his own researches, or to describe the 
progress of research in the subject in which he is most interested. In view 
of the momentous and stirring times through which we are passing and the 
many pressing agricultural problems that have arisen in the wake of the 
partition of the Country, 1 propose to depart from the usual practice. 
Accordingly I have elected to speak on the urgent agricultural problems of 
India after partition. It is not injpiied that all the problems enumerated 
hereafter are absolutely new. Soane of them are such as have existed since 
long, but have become accentua^e'd as a result of the partition of the country. ‘ 
There are others that are fresh problems arising from what has happened 
after the independence 

PREDOMINANT FEATURES OF INDIAN AGRICULTURE 

Arable farming has been the predominant feature of Indian agriculture 
since times immemorial. P'ood crops cover the largest acreage, followed by 
cash crops of diverse kinds in a rotation which is usually of short duration. 
Dairy farming and cattle fattening are practically of no importance. All¬ 
grass farming is almost unknown. Even the growing of purely fodder crops 
in the rotation is uncommon in a large part of the country. The production 
of food for human beings is the principal occupation of the average farmer. 
Agricultural cattle are usually fed on plant stalks of cereal crops primarily 
grown for grain. The rotation crops include cotton, groundnut, other oil 
seed and fibre crops, sugarcane, tobacco, etc. etc. Fruit and vegetble cultiva- • 
tion, more particularly the latter, are practised on relatively small holdings 
in the vicinty of towns and large villages. Poultry farming and dairying 
do not exist as organised industries. Every peasant or agricultural laibourer, 
and often times non-agricultural villager too, keeT:»s a few low quality bird.^ 
to which hd particular attention is devoted. Similarly, a few heads of 
dairy cattle are maintained by every farmer who can afford. In and arouha ‘ 
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cities, milk production is in the hands of a particular class of people, known 
as gowalas. But even here the number of milch animals maintained by 
each family seldom exceeds half-a-dozen. Good breeds of draft cattle are 
available in different parts of the country, but the cattle of the average 
cultivator are usually of a mixed breed and miserable physique. 

The vast bulk of the area under cultivation depends on a highly uncertain 
“rainfall for the growing of crops. The area of irrigated cultivation in the 
Dominion of India represents only about 20 per cent of the net area sown. 

Except in irrigated tracts and those parts of the country where pressure 
of population is great and holdings are relatively small, the preparation of 
soil for sowing is hurried and unsatisfactory, manuring inadequate, ani 
interculture, not what it should be. The seed used is a mixture of types and, 
on the whole, low yielding. Selection of good seed is practised by few. The 
improved seed developed by the Government Agriculture Departments covers 
only a small area except in the case of cotton and sugarcane. Insect pests 
and plant diseases are usually uncontrolled and the annual loss caused by 
4 em both in the field and store-houses is colossal. The average cultivator 
is more or less illiterate and steeped in poverty and destitution. He has 
neither^ the knowledge of scientific methods of cultivation, nor the means 
to put it into practice. His cultural practices as mentioned already are not 
really conducive to good yields. The net result of all these factors is that the 
average yields per acre of most of the crops in a greater part of the Dominion 
are low and compare very unfavourably with those of the agriculturally 
advanced countries. The cash income per family is small, the standard of 
living of the average family farmer is low, and the rural areas in large parts 
of the country still need proper development. In the course of his address 
as President of the Agricultural Section of the Indian Science Congress in 
^ 94 S> Professor Joshi said that ^*the description given of the agriculturist 
as illiterate, ignorant, indebted and poor in 1890 still holds good.” dliis may 
be a slightly exaggerated view, but unfortunately much of it is too true to 
be disputed. 


DURING THE GREAT WAR AND IMMEDIATELY AFTER 

During nonnal times the indigenous production together with variable 
but easily obtained imports of food meet the ordinary requirements of the 
poprfation. No one gives much thought to the agricultural producer 
or the methods employed by him. It is only a great war or an equally 
devastating other upheaval that brings home to the public and the 
national irnportance of agriculture. Before the recent 
great War, it was more or less the general' policy of the Government of 
^ Provincial and State Governments to dole out only small 
frads for agricultural research and development work. During the War 
^e shortage of food, created by the cessation of imports from abroad made 
e governments awake to the importance of increased food production 'within 
tie coimt^ It IS around this pivot that plans and schema were prepSd 
and hurriedly brought into existence for increasing the area under fond 
trihm'nn^^fgrowing of cash crops, expanding production and dis- 
laHptV large quantities of pure seed of improved 

of veSkh1p??^“f irrigation wells, increasing production 

fruits, raising crop yields by contour bunding and drv 
farming, and bringing culturable waste land under the plough. • The contr <5 
of prices, procurement of buffer stocks of food by goverSmeft. and inchvkiSl 
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rationing in large cities and bulk rationing in rural areas were put into 
operation for the equitable distribution of production. All this has involved 
planning of production, procurement and distribution. It has brought into 
prominence the part that agriculture plays in the economy of the country. 
Finally, the declaration of the United Nations’ Conference on Food and 
Agriculture, recommending the improvement of nutritional level and the 
standard of living of each nation brought to the forefront the problem of 
agricultural development. The relevant portion of this declaration reads 
as follows:— 

‘'This Conference, meeting in the midst of the greatest war ever waged, 
and in full confidence of victory, has considered the world problems of food 
and agriculture and declares its belief that the'goal of freedom from want 
of food suitable and adequate for the health and strength of all people can be 
achieved. ^ * 

{a) The first task is to complete the winning of the War and to 
deliver millions of people from tyranny and from hunger. 
During the period of critical shortage in the aftermath of war, 
freedom from hunger can be achieved only by urgent and 
concerted efforts to economise consumption, to increase sup¬ 
plies and distribute them to the best advantage. 

(&) Thereafter we must equally concert our efforts to win and main-> 
tain freedom from want. The one cannot be achieved without 
the other. 

(c) There has never been enough food for the health of all people. 
This is justified neither by ignoi*ance nor by harshness of 
nature. Production of food must be greatly expanded; we' 
now have knoweldge of the means by which this can be done. 
It requires imagination and firm will on the part of each 
government and the people to make use of that knowledge. 

. (d) The first cause of hunger and malnutrition is poverty. It is 

useless to produce more food unless men and nations provide 
the markets to absorb it. There must be an expansion of the 
whole world .economy to provide the purchasing power suffi¬ 
cient to maintain an adequate diet for all. With full employ¬ 
ment in all countries, enlarged industrial production, the 
absence of exploitation, an increasing flow of trade within and 
between countries, an orderly management of domestic and 
international investment and currencies, and sustained internal 
and international economic equilibrium, the food which is pro¬ 
duced can be made available to all people. 

{e) The primary responsibility lies with each nation, for seeing that 
its own people have the food needed for life and health; steps 
to this end are for national determination. But each nation 
can fully achieve its goal only if all work together.” 

The United Nations Conference recommended that Governments and 
authorities should recognise the obligation to their respective people and to 
one another, henceforth to collaborate in raising levels of nutrition and stan¬ 
dards of living of their people. It also made many recommendations in the 
field of production, distribution and consumption of food and other agri¬ 
cultural products and expressed the opinion that the successful carrying out 
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of these recomiiiendations in tlie post-war period will be the most important 
pre-requisite for the achievement of freedom from want. 

In 1944, in discussing India’s average annual production of principal 
foods, the Advisory Board of the Imperial Council of Agricultural Research 
in its Memorandum on the Development of Agriculture and Animal Husban¬ 
dry in India stated that the production is inadequate to provide the nutrition 
expert’s requirements for a suitably balanced diet in minimum quantity for 
the 400 million people in India. According to the Advisory Board, to meet 
these requirements in full, the production of the various articles of food for 
men and cattle must be increased as follows:— 


Cereals 

Pulses 

Fats and oils 
Fruits 
Vegetables 
Milk 

Fish and eggs 

Oilcakes and other concentrates 
Fodder 


by 10 per cent. 

by 20 per cent, 
by 25.0 per cent, 
by 50 per cent, 
by 100 per cent, 
by 300 per cent, 
by 300 per cent, 
by 400 per cent, 
by ss per cent. 


These increases would need to be of a still higher order, if the increase 
in population and the rising standard of living are also taken inlo considera¬ 
tion. These estimates indicate prominently the precarious posilion of the 
country in respect of its food requirements. The production of non-food 
crops like cotton, castor, tobacco, jute, groundnuts and the like was curtailed 
and special measures mentioned already were adopted by .Provincial, Stale 
.and the Central Governments in furtherence of their campaigns for the 
growing of more food. However, due to a failure of rains in two successive 
years in many parts of the country, the indigenous production of food fell 
a good deal short of the actual requirements. This caused much misery, and 
i'n Bengal hundreds of thousands of people died of starvation. The condi¬ 
tions after the War did not show much improvement. Not only the lag 
between the production and consumption of food has continued, bitt also the 
general farming conditions have remained unameliorated. In 1946, a severe 
attack of Tust’ caused a virtual destruction of wheat crop in the southern 
;and central parts of the,country, causing a loss of about one million tons 
of grain. Had it not been for large imports of food grains from abroad,, 
many parts of India would have suffered from acute famine (luring llio past 
tv^o years. 

1 ^^^Jjsing the imsatisfactory state of argiculture and animal husb<indry> 
almost all the Provincial and many State Governments prepared coinpreh(‘n- 
sive plans for development after the War, and in some instances, made 
budgetary provision to be used later for this improvement work. Ambitious 
schemes were drafted and. preparations were set afoot for the training of the 
technical personnel and the purchase of equipment, and machinery needed 
to get the schemes going. 

YEAR 1947 . 


The year that has just ended has been a period of extraordinary rush 
unforeseen developments and startling happenings. It has seen revoliitionary 
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political changes, followed by exchange of population on a tremendous scale 
in some parts of the countr3^ It would have been unnatural if the country 
had been completely free from the untoward results of cataclysmic changes 
that have taken place in the political make up of the country following so 
rapidly in the wake of a protracted and catastrophic world war. Before the 
country has had time to recover from the effects of the war, it has been 
partitioned into two independent States. The division of the country has 
been followed by an inter-communal conflict in the north-west, necessitating^ 
the uprooting of millions of persons from their ancestoral hearths and homes 
and planting them in strange surroundings. These happenings have accen¬ 
tuated certain already existing difficulties and raised certain other fresh 
problems. They have also upset the development plans which the Central 
and Provincial Governments had prepared and the fruition of which the 
people had so fondly looked to. These new problems arise from three 
sources, namely, the partition of the country, the destruction caused in the 
inter-communal conflicts, and the unforeseen large scale exchange of'popu¬ 
lations. I will confine myself to agricultural problems. 

As a result of the partition of the country, the irrigated food-producing' 
tracts of West Punjab and Sind have been allotted to Pakistan. These are 
surplus areas and in the past they used to meet the wheat and rice needs of 
some of the deficit Provinces of undivided India. This exclusion of these 
fertile irrigated tracts has accentuated the food difficulties of the* Dominion 
of India. The internal pi-oduction of wheat and rice has to be stepped up 
a great deal, and in the meantime alternative foreign sources of supply have 
to be tapped. Fortunately the deficit is estimated to be of the order of 3 to 
6 per cent only. With proper planning, increased use of manure, and pro¬ 
vision of greater irrigation facilities, it is possible'to make up this deficit 
even from our existing cultivated area. The Bhakra Dam in East Punjab, 
the work on which is to be started almost immediately, will provide water 
for nearly 4 million acres in Hissar, Rohtak and the adjoining areas. The 
Dftmodar Valley Scheme, recently sanctioned bv the Government of India, 
will provide irrigation water for vast areas in West Bengal. Similarly the 
other projects under consideration will further increase the irrigated acreage. 


^ ^ The irrigated tracts of Sind and West Punjab also produce large quan¬ 
tities of long staple cotton. The effect of the division of India on the pro¬ 
duction and consumption of long and short staple cotton is shown in the 
following statements: 

* I. Estimated Production in lakhs of Bales of 400 lbs. net. 

Dominion of 



Dominion cl 

Pakistan 




India (ex¬ 

(including 

Other 



cluding 

Bahawalpur 

Indian 

Total. 


States). 

and Khair 

States. 




pur). 



(a) Long and Medium staple 

.. 10.37 

13-82 

2-76 

26.94 

(b) Short staple 

• • 4.59 

2.88 

7-03 

14-S0 

Total 

.. 14.96 

16.70 

9.78 

41-44 
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2. Estimated Mill Consiimptioii in lakhs of Bales of 400 lbs. net. 



Dominion of 

Indian 



India. ’ 

States. 


(a) Long and Medium Stax)le 

18.00 

2.88 

20.«B 

(b) Short staple 

7.00 

3^2 

10.12 

Total .. 

25.00 

6.00 

31.00 


* Through the courtesy of the Indian Central Cotton Committee. 

The extra factory consumption of cotton in tlie Dominion of India is 
estimated to be 2.7 lakhs of bales. Thus the total deficit in the supply of 
cotton for the Indian Dominion works out to 8 .c)6 lakhs of bales. To meet 
this deficit, the existing acreage of cotton in the Indian Dominion will have 
to be raised by nearly 33 per cent, the increase being largely under long and 
medium staple types which are urgently needed by the textile mills located 
in the Dominion. If provision has to be made for an annual export of 
about 4 lakhs of bales, then the deficit will amount to 12.96-lakhs of bales, 
and the cotton area will have to be increased by aboilt 50 per cent. The 
deficit can partly be met also by the greater use of improved seed and 
manures, and the provision of increaseci irrigation facilities. 

The partition of Bengal tind the allocation of its eastern part to Pakistan 
has left the Indian Dominion with only 30 i)erceut of the annual production 
of jute before partition. As against this, the jute mauufacluring industry 
remains almost wholly with the Indian Dominiom Jute j)rodnction lias, 
therefore, to be increased not only to mec( home re<juireinenls hut also to- 
fee<l factories manufacturing jute goods for export. The expansioti of jute 
production will have to be cirected largely by the nsh of better seed and 
improved cultivation methods because there is not much sco|)e for llic 
enlargement of its area. For climatic rea.sons, jute oultivalion is coiifiiied 
largely to Bengal, Bihar and some parts of Assam and Orissa, and even in 
these Provinces, the area under the crop cannot he increased much exoe|4 
at the cost of food crops. A development of this kind is not advisable, 
these Provinces being deficit in food produclion. 

The communal disturbances have fortunately not caused any serious des¬ 
truction of the means of agricultural production. Killings in the country¬ 
side left the standing crops unharvested in some cases, but tliis by itself has 
not produced any long range problem. The same cannot be said unfortu- 
iialely of the large scale transfer of population that followed the comnntnal 
conflict. The migration of over 4 millions .(jf^ peoi)le from western Pakistan 
into the Indian Dominion has created the vast‘in'obh*ms of relief and rehal)i- 
litation in I^ast Punjab and the adjoining Dominion and State l(‘rritories. 
iV large majority of the refugees hails from rural arenas and belongs to the 
cultivating class. Most of such refugees are eitluu* ])easaiil ])r()prietors or 
are agricultural labourers. Many .of them ai’C skilled farmers who were <jnce 
the proud owners of prosperous farms in. the canal irrigated colonies of the 
central and western districts of the undivided Punjab. The area a 1 )and<nied 
by them in their ancestoral homes in western Pakistan is estimated to total 
5.7 million acres. The corresponding area*'left by the emigi'c’s from PIa*st 
Punjab is only 4.5 million acres, and of tjliis, no more than 3.3 mill ion‘it ores 
is'said to be culturable. The ai’ea ultiimtely available for resettlement of 
rural refugees' may perhaps be only 3 million acres. T^urthermorc, whereas 
a good deal of the area abandoned in Punjab is canal irrigated, that 
left in-East Punjab has a much smaller proportion of irrigated area. Thus 
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it will be observed that there is not enough land available in the East Punjab 
to settle these immigrants on economic holdings. Finally, most of these 
settlers have had to leave even their fluid resources behind and have to start 
in their new homes from scratch. The provision of adequate financial 
assistance in the form of subsidy or taccavi loans is absolutely necessary. 
The whole problem of resettlement is so vast and important that it must be 
given the most urgent consideration. 

PLANNING AND COORDINATION OF EFFORT 

Our resources of fertile land, agricultural machinery, technical staff and 
money are limited, whereas our problems of increasing agricultural produc¬ 
tion, resettling refugees, and raising the cash income of ryots are veiy vast 
as well as pressing. Development can brook neither delay nor duplication 
of effort. It is most essential that the resettlement of refugees is coordinated 
with the increased production of food and cash crops in a well-considered 
integrated plan. Every thing must be done to get the best results out of our 
limited resources. We cannot possibly afford to fritter our energy or the 
materials at our command. 

It is fortunate that the plans for the construction of Bhakra Dam on 
the upper reaches of the Sutlej river in the East Punjab have reached an 
advanced stage and the work is to be started soon. The dam will not only 
provide irrigation water for four millions of acres but also a large amount 
of electric energy (300,000 K.W.) for both industry and agriculture. The 
construction of this dam must be completed with all possible speed. The 
need for developing irrigation and power resources in other imts of the 
Dominion is equally urgent. Our resources of foreign currencies are being 
rapidly exhausted by imports of food. Last year nearly 100 crores of rupees 
were spent in purchases of food grains from abroad, and about 15 crorcs 
of rupees were lost by selling the high priced imported grain at the relatively 
lower internal prices. It is estimated that the total cost of the food imported 
in the last three years is almost equal to twice the capital cost of all the irri¬ 
gation works constructed in undivided India. This indicates forcibly that 
the country cannot afford the huge expenditure on food grain imports for 
any length of time. All our plans for industrial and social development are 
also being held up on this account. 

PLANS OF SETTLEMENT' 

In the preparation of plans for increased agricultural production and 
the solution of the post-partition problem of resettlement of refugees, careful 
consideration must be given to the method of settlement of population on 
land. It is necessary to determine whether the refugees should be settled 
as private land owners on relatively small sized individual holdings, or some 
•other method should be adopted. It is said that the authorities in East. 
Punjab are allotting ten acres of land to each individual farmer, but are 
encouraging allotment on 'group basis.’ Lhifortunately, the exact details of 
the latter system are not available at the present moment. In any case, it 
is good that an alternative method is receiving attention. It caiihot be gain- 
.•said that taken as a whole, the private land owner seems to have failed in his 
duty to himself as well as the nation. Low yields, poor quality of produce, 
lo^v wages and a very-- low standard of living for both agricultural labourer, 
and small farmer are the order.of,the day. The i*easons for this stale o 0 
affairs are many and fairly well known; I need ^ not reiterate them. This 
must be admitted, however,' that there is* something radically wrong with the 
^ystein that has^ produced.,ali this, misery and destitution; - It must also' be 
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conceded that the need to mend or end such a system is urgent. “Maximum 
production of good quality produce and realisation of optimum prices com¬ 
patible with the consumers’ ability to pay should be aimed at.” With the 
techirical means available at present for pushing up production, some kind 
of centralised farm management under expert supervision will greatly help 
to achieve this aim. 

GUIDING PRINCIPLES 

The increasing of agricultural production, or for the matter of that, 
the resettlement of refugees, cannot be divorced from the industrial, eco¬ 
nomic, social or political development of the country. The metlrods adopted 
in agricultural development must be in harmony with the principles guiding 
India’s industrial and social advancement. With a view to draw up an eco¬ 
nomic programme for the Indian National Congress, the All India Congress 
Comrnittee in its meeting held in November 1947 decided to appoint a special 
committee and adopted the following resolution for its guidance: 

“Political independence having been achieved, the Congress must address 
itself to the next great task, namely, the establisWent of real democracy in 
the country and a society based on social justice and equality. Such a society 
must provide every man and woman with equality of opportunity and free¬ 
dom to work for the unfettered development of his or her personality. This 
can only be realised when democracy extends from political to the social and 
the economic spheres. 

Democracy in the modren age necessitates planned central direction as 
well as decentralisation of political and economic power, in so .far as this 
is compatible with the safety of the State, with efficient production and 
the cultural progress of the community as a whole. 

The smallest terril<jrial unit should be able to exercise effective control 
over its corporate life by means of a popular electiJil Pairchayat. In' so 
far as it is possible, national and regional economic self-sufficiency in the 
essentials of life should be aimed at. 

In the case of industries, which in their nature must be I'un on a large 
scale and on a centralised basis, they should belong to the community, and 
they should be so organised that workers not only become co-sharers in the 
profits but are also increasingly associated with the management and adminis¬ 
tration of the industry. 

Land, with its'mineral resources, and all other means of production as 
well as distribution and exchange must belong to and be regulated by the 
community in its own interest. 

_Our aim shoffid be to evolve a political system which will combine 
efficiency of administration with individual liberty and an economic structure 
which will, yield maximum production without the creation of private 
^nopoli^ ceud- the concentration of wealth and which will create proper 
balance between urban and rural economics. Such a social structure cai.. 
provide an- alternative to the acquisitive economy of private capitalism and 
the regiment&tfon of a totalitarian state.” Italics are mine). 

_ TEese are atoifable principles and our plans for the solution of India’s 
^icultural problems should conform to them. They should at the same ti'm^ 
tx such as are most likely to achieve the objects in view. . 


PRINCIPAL OBJECTWES 

are stated that sesne of the agricultural problems of India 

ry , some have arisen on account of the recent partition of the 
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counlry and some others are the result of what happened after tin* partition. 
Many of the problems are of co’uritry-wide importance, while others are 
peculiar to particular P»*ovinces or States. Our most pressing and widely 
operative agricultural problems or objectives may be re-stated as follows:— 

(i) National as well as regional self-sufficiency in food production; 

{li) Achievement of balanced nutrition for all; 

{iii) Rehabiliation of refugees on sound lines; 

(iv) Meeting the deficit in the supplies of long-staple cotton and jute; 

(v) Increasing the casli income of the farmer; and 

{vi) construction and improvement of niral areas. 

Self-sufficiency In food demands increased production of wheat, rice, 
millets, other cereals, pulses and potatoes together with some oil-seeds, 
vegetables and milk. On the other hand, balanced nutrition needs concentra¬ 
tion on the production of protective foods, rich in proteins, minerals and 
vitamines. The production of meat, poultry, milk, eggs, fruits and vege¬ 
tables will have to be increased immensely if balanced nutrition is to be 
achieved. Rehabilitation of refugees on sound lines means the adoption of 
a system or systems which will fulfil the moral basis of the All-India Congress 
Committee’s resolution qiiol(‘d earlier and simultaneously help to achieve 
the other objectives. Increased production of long staple cotton and jute 
requires the intensive appiicauon uf scientific technique and centralised expert 
nianag(‘menl to field crop farming so that the greater production of these 
cash crops should not take place at the expense of food crops. Increased 
cash income implies maximum puniuction per agricultural worker. And 
finally, rural development in^•uIves alround betterment of the man behind the 
plough, his group life and his surroundings. 

L-^ CULTIVATION 

For the quick expansion of production and the early solution of our 
other agricultural problems, the choice lies between the primitive methods 
and limited resources of the small peasant pn/prietors and group agriculture 
employing modern methods with centralised iarm management under expert 
supervision. As pointed out already, the small private landowner in India 
seems to have been a failure at least in field-crop production. He has 
neither succeeded in meeting the country’s food requirements fully, nor 
has he been able to increase his own income and improve his standard o£< 
living in any marked manner. Despite special Government assistance given., 
during the War, he has failed to maice much headway. With his exijsting 
illiteracy, poverty, inertia and general lack of ambition, not much am be 
expected from him in agricultural improvement and the urgently needed 
expansion of production. Organised agriculture on a group basil? seems to*: 
be the only feasible alternative. There are many different syslqins of grpiAp'’ 
cultivation in vogue in different parts of the world. Some of the prindp^ v 
ones may be enumerated thus: 

('?) Consolidated managed farming, 

(ii) Cooperative farming, 

(in) Collective farming, ’ 
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(iv) State farming, and 

(v) Joint-stock Company farming. 

f in cr^soliclated m a naged fanning, .. the land continues to remain the 
property and the farmers merely agree to joint manage¬ 

ment. It may be on the basis of a whole village, or a group of a few 
cultivators growing the same crop or crops.) Cooperative farming implies 
greater coordination and mutual assistance, but here also the land and other 
ordinary means of production continue to remain the property of individual 
farmers. Joint purchase of seed and manures, common ownership and opera¬ 
tion of costly machinery and equipment, cooperative control of insect pests 
and diseases, and pooled processing, grading and marketing of produce are 
the principal futures of cooperative farming. In collective farming, as 
practised in Russia, the land and all the means of production are the property 
of the commune. The collective farm is managed as a single business unit. 
Every collective farmer is required to contribute his own. and his family’s 
labour. The minimum work to be done per labourer per day is prescribed 
and records of labour units per family are maintained systematically. The 
final net earnings are distributed on the basis of labour units put in by 
each family. Community kitchens, community schools, cinemas and the like 
are operated for the benifit of the members. The Government of the country 
provides teams of tractors on rent, and the machines are worked by squads 
of village boys trained in tractor driving. The government also maintains 
tractor repair and service stations. Qn State farming, the land, implements 
and machinery belong to the government, and the farms are managed and 
operated wholly by government employees. All prodticlion^ is government 
property and the earnings are appropriated by the Staley (.fhe joint-wStock 
company farms are owned, managed and operated on behalf of the share¬ 
holders like any other joint-stock undertaking. The share holders’ interest 
is limited to the dividends on their invested capital, and the investors may 
frequently change, 

For the achievement of the several purposes of Indian agriculture, only 
such systems of group cultivation should be adopted as are suited to our 
special social and jpolitical conditions, are likely to be acceptable to the 
community, and are calculated to give maximum production and to serve 
the best interests of the largest number. Consolidated managed farming 
is practised in some parts of U. P., Punjab and the Deccan, but it has not 
made much progress. The results of group allotment of land in the rehabili¬ 
tation of refugees in East Punjab will be watched with interest. Collective 
■fanning on the Russian model has yet to be tried. Enquiries made so far 
do not show that it has been practised really successfully on a large scale 
in any part of India. The love of the Indian farmer to own a private farm, 
no matter how small, does not hold but bright prospects for collective 
farming under our exiting conditions. Even the landless agricultural 
labourer has so far fought shy of hitching his wagon to this Russian star. 
State 'fanning cannot be practised widely with our limited financial resources, 
j However, it will be useful in the production of pure seed of improved 
varieties, and in the poineer development of large project areas and such 
■other government land which for one reason or another do not attract the’ 
private farmer in the beginning. After developing such areas as State 
farms, the developed lands can be sold orMeased to societies or companies 
willmg to operate them on a group basis. CppperatLve^ a33bd'Joint-stock com¬ 
pany farming are the two systems that hold du^,the .gre^ijs^.promise-^ 
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COOPERATIVE FARMING 

As mentioned already, cooperative farming implies the coordination of 
the work of many small farmers ana the pooling of their resources. It is 
common knowledge that the production of protective foods like milk, eggs, 
fruits and vegetables is largely in the hands of small producers. Small far¬ 
mers practising intensive mixed farming seem peculiarly well-suited to the 
production of these protective foods. These competitive small farms aided 
by cooperative processing, grading and marketing will do particularly well 
in the vicinity of towns. Fresh protective foods are always in great demand 
in urban areas. Since most of these fresh foods deteriorate rapidly, their 
producer is at the mercy of the middlemen. He has to sell his perishable 
produce at any price that the middlemen oifer him for it. Large arrivals 
on ail}" one day depress the price disproportionately. The wholesale sellers 
and the retailers appropriate the major portion of the price paid by the con¬ 
sumer. Cooperative working of these small farms will yield many advan¬ 
tages. The cuuperative societies can own and operate cold stores and thus 
make possible the orderly marketing of the produce of their members. They 
can also purchase processing and labour saving machinery and hire it out 
to their constituents. Purchase of such machinery by individual farms of 
small means is not feasible. There will not be enough use for it on a small 
farm and it will remain idle for long periods. Costly improvement of farms 
by mutual help can also be carried out. This does not imply that government 
Agricultural Departments will give no aid to these cooperative farms. The 
Agricultural Departments will continue to give techincal advice and guidance, 
and supply pure bred stock of high quality at market or concession prices. 
They will also assist in the control of insect pests and plant diseases. 

JOINT-STOCK FARMING 

It has been pointed out already that the national self-sufliciency in food 
needs an increased production of cereals, pulses, potatoes and oil-seeds parti¬ 
cularly. The private small farmer with his limited means does not seem 
capable of effecting this large increase. Extensive farming under centralised 
expert management applying scientific technique to push up yields to the 
furthest limit is best calculated to achieve this end. The increased production 
of cotton, oil-seeds and jute, the raw products of industry, can also be obtained 
by the same means. The institution of joint-stock farming is, accordingly, 
suggested. 

For long, agriculture including food production has been an individual 
effort. The small or the large farmer, as the case may be, has borne all the 
risks of a highly risky industry. Neither the consumer of agricultural pro¬ 
duce, nor the government has come^ forward to share his risks or offer him 
an insurance against failure or calamify. We have now reached a stage 
when agriculture should be so organised that 

the producer gets an adequate return on his capital and labour; 

(iz) the country's requirements of food and other agricultural .pro¬ 
ducts are met in the most efficient and econornic manner; and 

(iii) the consumers as well as the government take their due. share 
in the risks and-vicissitudes of production,’ ‘ 
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This means organised production. Our national requirements of footl. 
fibres, oil-seeds and die like are now known with fair accuracy, d'heir entire 
production within the country is not beyond our capacity or resources. 1 am 
ill full agreement with Mahatma Gandhi when he says that India must ]>ro- 
duce all the food she require^s. We must plan, systemal'ise and organise 
farming in the same way as we have organiiod industrial production. Of 
course, the evils of industrialisaiion must be avoided. 

The growing of food and rotation cro])s, that lends itself easily for 
transformation into large scale corporate enterprise, should be classed as a 
key industry. It is absolutely vital to national existence and development. 
Therefore, it should be nationalised, and planned and developed under na- 
t'onal auspices. As in the case of supplies of water, electricity and trans¬ 
port, the supply of sustaining food to every one should be a national duty. 
No public utility comjxiny could undertake a belter service. The government 
should encourage, promote and give all possible facilities for the establishment 
of 'public utility companies' for the production of food grains, cotton, jute 
and oil-seeds. 


EXISTING UNDERTAKINGS AND THEIR DEFECTS 

Farming by joint-stock companies is not entirely unknown in India. 
Tea, coffee, rubbei-, cinchona and sisal are already being farmed by them 
in several places. Many sugai factfudes meet at least a part of th(*ir cane 
requirements from estates owned and managed by iheniselves. I'he British 
Cotton Growing Association, Ltd., Kliauevval in West Ihinjab, and Sind Land 
Development, Ltd., at Mirpurkhas iu Sind are enterprises growing wheat, 
col Ion and other field crops on exteiisjve areas every year. If here are one or 
U\o companies in West Bunjab managing large sized fruit farms and also 
manufacturing syrups, sciuaslies and iv^eserves from th(^ fruits grown by 
tin in. Similarly, there are a few dairy farms operated a.s joint-stock enter- 
However, most of the existing uiukndakings have private profit as 
their sole basis. Their primary rc.spousibility is to their share-holdeLs. 
Incviasvd production to meet national needs is not tla ir basic motive. Simi¬ 
lar.}', advancement of the economic status or efficiency of the agricultural 
lahoun^rs employed by them, or a conscious improvement of cultivation 
methods practised in their neighbourhood form no part of their declared 
objeciues. Their primary aim is to earn the largest possible dividend on the , 
capital invested. The use of labour saving machinery is designed to lower 
the costs of production and not to make the work less exacting for the labour¬ 
er, or, to afford leisure to tlie workers for enjoyment or self-improvement. 
Finally, the workers have neither a share in the profits of the concerns, nor a 
hand in their policy or management. No doubt they receive bonuses in 
years of good earnings, but these are not adequate incentives for them to 
take a keen, intelligent or anxious interest in the affairs of their employers. 
However, all .these defects are removable, and they cannot be u.sed as an 
•argument to rtite joint-stock farming out of court. I have mentioned these 
•defects to ensure"that the undertakings suggested by me should be free from 
them. 

Farming by public utility companies of my conception should necessarily 
provide for the following: 

' ' ' ’ ’ ’ ’f 

(i) The production, of food grains should be theSt' pfimetry objective^ 
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{%%) They should be financed jointly by the government, farmer- 
producers and the consumers. 

* {Hi) They should be under expert, centralised management. 

{iv) The policy should be determined by a Board representing govern- 
. ment, farmers and the consumers. * . 

{v) The farmer-members should actively work on the .estate as part¬ 
ners, and receive an adquate share of the net profits as remu- 
eration. 

(vi) The government should finance research and experimental work 
needed for the area of operation. 

{vii) The government should receive a fixed percentage of net profits 
as dividend on the capital invested and in lieu of water rates- 
(if any) and land assessment. 

{viii) The annual dividend on the investment of the consumer-mem¬ 
bers should be limited to a maximum of, say, lo per cent. 

{ix) The government should have the first option on the purchase of 
all food grains which may be surplus to the legitimate require¬ 
ments of the people employed in the concern. 

(jr) Ample funds should be set apart in the annual budget for training 
workers to increase their efficiency and for providing social 
amenities for them. 

{xi). The methods of farming should be such as will produce maximum 
yields per acre without destroying soil fertility. 

Given these conditions, farming by the proposed Public Utlity Companies- 
will, on the one hand, put into practice the principles laid down in the All- 
India Congress Committee's resolution on the economic programme for the- 
country, and, on the other, hasten the solution of our post-partition agricul¬ 
tural problems and also the tempo of the development of national resources 
to achieve self-sufficiency in food and other agricultural produce. It will dso- 
translate results of research into general practice and give a powerful fillip- 
to rural reconstruction. 

A UNIQUE PLAN OF LAND DEVELOPMENT 

Finally, I rnay be permitted to describe briefly the unique plan that has- 
been successfully worked in Sudan during the past 20 years for the develop¬ 
ment, of irrigated cultivation under the Sennar Dam on Blue Nile. In iqti, 
14 years prior to thexonstruction of the dam, the Sudan Government erected 
a pump along the river Nile and canalised about 5,000 acres for the ptifpose 
of carrying out experiments to ascertain what crops were most suited to* 
irrigation in the soil and. climate of the tract. The whole area ■;v^as rent^ 
from* the owners and sub-let to tenants. The management of this e 3 q)eri‘-^ 
mentel project was entrusted to the Sudan Plantations Syndicate, Lti., A| 
the cbmmencetnent of this experiment, the tenants were charged a fixed rate 
for thli supply of water, and the Syndicate were appointed as xmdl^ 

such time as the experiments shoiild be proved a success. Qilly twp years- 
later when success appeared assured, it became necessary to find some more 
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permanent basis for coopci*ation I)etween the government, the S3mdicate and 
the cultivators. After careful consideration it was decided to introduce the 
profit sharing arrangement which later became the basis for the development 
of the whole of the Senner project area of about 300,000 acres. Under this 
arranganent, the Sudan Govcrnmeiat undertook the responsibility for the 
financing and running of pump and suppl3dng the capital for "major” canali¬ 
sation. The Syndicate became responsible for the "Minor” canalisation, for 
management of the whole enterprise, and for financing the tenants. The 
tenants were made responsible for supplying the labour as cultivators. It 
was also decided that the net proceeds from cotton, the principal cash crop 
grown in the experimental project, should be divided into portions of 35 per 
cent to the government, 25 per cent to the Syndiate, and 40 per cent to the 
tenants, while all other crops should go to the tenants. This arrangement 
proved very equitable and successful. "Any fixed charge that would have 
given a reasonable return (on government investment) must have been heavier 
than the man with bad crops could stand, and less than the man with good 
crops could afford, while the amount of the fixed charge would have appeared 
very frightening to the tenant. It (the profit sharing arrangement) has 
encouraged the provision of careful supervision, owing to the government 
and the Syndicate being directly interested in the actual results.” 

i 1 

Subsequently an other expei'imental project, covering an area of about 
6,000 acres was established in another part of the tract to, test the conditions 
more fully than was possible at a single station. In this case the pump was 
erected and the land was canalised at the expense of the Syndicate. Four 
years before the completion of the dam, the Syndic?itc undertook aiiother 
pumping scheme on an area of 19,500 acres, and two years later, yet another 
scheme on 30,000 acres. These last two schemes were undertaken with 
the express object of training in advance the required supervisory staff as 
well as the cultivators. The dam was completed in July 1925. As a result 
of the preparations made by the Syndicate, tenancies for 240,000 acres were 
allotted in the very first season, and 80,000 acres were actually sown to 
cotton, 34,000 acres to millet and 6,000 acres to the leguminous crop luhia 
(Vigna caiiang), , 

For the efficient working of the scheme in rectangular blocks of uniform 
size, it was found incumbent that the land should be wholly under the control 
of the government. Accordingly, the government leased all the land included 
in the scheme.from its registered owners for 40 years at a fixed annual rent. 
The rent was fixed at the highest rates obtainable before the commencement 
of^the scheme. After renting, it was re-allotted to the actual owners in the 
foirm bf cultivating tenancies for plots of regular size of 30 acres each, the 
owpers getting the allotments in positions lying as near , as possible to the 
position of their original holdings. No single tenant was given more than 
30 acres to. cultivate, but if he was the, registered owner of a larger area he 
was permittecl to nominate cultivating tenants to' the excess. These nominees 
were hi many cases the .owners' sons or relations. Although tenancies were 
giv!;n for one i^ear 6nl3% yet tenants who worked well were not allowed to be 
tui'iied out bx^ the land.owners.,,, Similar^, the owner-cultivator was permittecl 
refie^val of his tenancy from 3-ear to \xar piwided he complied with the 
specified condjtjQiis of cultivation,. Thus, on the hand, a reasonable.security 
of tenure, was given to all, the tenants, and on.the other, it was ensured that 
inefficient cultivators and slackers would not impede the development of 
the project area. ' ^ 
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Each l^d'Owner who became a tenant under the scheme, instead of 
being a cultivator on his own land, received a rent for his land and cultivated 
as a tenant on an irrigation plot as near as possible to his own original land, 
and if he was the owner of more than 30 acres, he had the right to put in his 
sons or other nominees as tenants of other plots upto the full area of the 
land he owned. On each plot of 30 acres, he was entitled to grow 10 acres 
of cotton, and 10 acres partly of green fodder for cattle and partly of grain 
crop for his own consumption. 

Under the scheme, each cultivator gets the best seed distributed to him, he 
has the benefit of all the expensive scientific research which is being done by 
the government and the Syndicate for discovering the best manurial and 
cultivation treatments of crops and the means to control insect pests and 
diseases, and the marketing of his cotton crop is managed to the best advant¬ 
age so that instead of being at the mercy of the local merchant he receives the 
highest price obtainable. He gets cash advances at a low rate of interest 
throughout the cultivation season to meet his living expenses, and he gets 
the advantage of ploughing machinery to plough his land. Of the proceeds 
of the sale of the cotton crop, after deducting only the actual cost of ginning 
and marketing, he receives 40 per cent as his share, and further, has the 
benefit of all other crops which he may grow free of all deductions or taxes. 
This compares very favourably with the position of tenants in other parts 
of ihe country, where they receive 50 per cent of the gross receipts but have 
to pay land, rent and government taxes out of their share. Finally, the land¬ 
owner retains his free-hold rights and is entitled to bequeath his property to 
his descendents according to the Mohammedan law. However, to prevent 
land speculation, the government took powers to prevent sales of lands to 
fcre3gn.ers 01 alienation of land to native usurers. Contracts of the pur¬ 
chase of land were made subject to the approval of the governor of a province, 
and it was decreed that the consent of the governor of the province would 
not be granted.to “any sales or dispositions by the natives of the Sudan 
of lands in ihc Gezii-a effected after the ist July 1905, except of such sales 
to other natives of the same locality as have hitherto been customary and may 
be deemed by the governor to be proper.” 

I need noi give any detailed description of the administration set up by 
the Syndicate for the work of managing the whole business on the agricultural 
side. It is enough to state that this work comprises “training and supervising 
Jie tenants, seeing to the digging of the field channels and the clearing of the 
ground, carrying out tlie levelling and the ploughing, supervising the sowing 
and growing of crops, making advances to the tenant cultivators to cover 
their working expenses during the early part of the year before the proceeds 
of sale of cotton come in, and arranging for the collection, sorting, ginning 
and marketing of the crop”. The Syndicate helps both the government, 
and the cultivators in many other ways. The results obtained 
from these arrangements have been eminently satisfactory. The income of 
the cultivators increased so much that after the first two or three years, many 
of them stopped taking advances from the Syndicate, and some of them built 
up adequate funds to take to trade and other subsidiary occupations. This 
has helped to raise the standard of living and increase greatly the local cir¬ 
culation of money. 

I suggest that the example of this profit sharing experiment of Sudam 
should be followed in India for the rehabilitation of reftigees and the rapid 
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development of the irrigation projects now under contcinplation. No doubt 
adjustments will be needed in the scheme to suit local conditions but they 
can be made when details are being worked out. 

The time has come when we should talk less and act more. We have 
got ready many plans for agricultural development. What is necessary is- 
to put one dr more of them into action without delay. The need for making 
the country and its different Provinces and States self-sufficient in respect 
of food production is most urgent. 
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BLOOD-FLUKE PROBLEM IN INDIA 
{Delivered on Jantiary 6, 1948) 

I am grateful to you for the great honour you have done me in electing 
me to preside over this section. I have been interested in blood-flukes of 
man and domestic animals for the past eighteen years and for this reason I 
have fixed upon this subject for my address. Moreover, it is a subject in 
which people of both veterinary and medical professions will be interested 
alike. Compared with any other single group of parasites, blood-flukes or 
schistosomes rank foremost in undermining the health of almost all domestic 
animals in India, and although the exact data in this connection are not 
available it will not be an exaggeration to say that they cause much incon¬ 
venience and harm to our live-stock and inflict considerable monetary loss 
upon stock-owners in this country. Control and, if possible, extermination 
of this class of parasites therefore deserves our primary attention particularly 
at this juncture when there is an acute shortage of food all over the world, 
and *'Grow More Food'’ is the stock phrase of the authorities concerned. In. 
addition to the loss thus suffered indirectly by the people the possibility of 
human schistosomiasis taking its root in this country has not been finally 
ruled out. Reference to this and to the condition in human beings known 
as “Schistosoma Dermatitis” will be made in the subsequent part of this- 
address. The earliest record of the occurrence of schistosomes in India was- 
made by Cobbold who in 1882, at the meeting of the Medical Chirurgical 
Society in London, declared that cattle and sheep in India are infected with 
schistosomes. Four years after this statement Bomford (1886) obtained 
oval eggs with a terminal spine, measuring 0.17 mm. X 0.08 mm., in the small 
portion of the csecum of one bullock of the Transport Department destroyed 
in Calcutta and in another in the polypi or papillomata removed from the 
margin of the anus. The ileo-csecal valve of these bullocks was so congested, 
that it formed a thick, cushion-like ring. Bomford remarked that these pva. 
resembled those of Schistosoma h^tmatobmm which was confined to man or 
monkey and had never previously been recorded from India. He also* 
remarked that it would be interesting to ascertain if haematuria in cattle in 
some parts of Bengal could be associated with bilharzial parasites. Mont¬ 
gomery (1906), however, expressed the view that these ova , could not be- 
of .S', haematobium but they really belonged to the specif S, mdicum,' The- 
nature and dimensions of the eggs substantiate the coiut^tibn of Montgomery.. 
As a result of the work of Montgomery (1906} and tl^t of s^eral ot^r 
workers during the past three decades seven authmticaliy identified spe<?icS: 
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of schistosomes have been recorded from India, viz., Schistosoma haemato¬ 
bium, S. spindalis, S. nasalis, S. indicum, S. incognitum, Ornithobilharzia 
bomfordi and 0 . nairi. Of these the first one has been sporadically recorded 
from man, while the remaining six have been known to parasitise only the 
domestic animals. In the following pages I have endeavoured to give an 
idea of the work that has been done in India o.n these i)arasitcs and suggest 
in the end measures for their control. As has been remarked before refer¬ 
ence will also be made to cercarial dennatitis of man, which so far as the 
researches of the author have progressed appears to be localised only in 
certain localities in India, 

Schistosoma spindalis Montgomery, 1906. 

Montgomery (1906) first found Schistosoma spindalis in the mesenteric 
vessels of. two plains cattle {Bos indicus) at Mukteswar, and described the 
morphological features of the adult worms and their spindle-shaped ova. 
Among his autopsies only one presented lesions analogous to those described 
in other species of schistosome infestation. This animal suffered from 
intense and foetid diarrhoea and at the post-mortem the whole of the caecum 
and the colon to within three feet of the anus were covered with small warty 
nodules varying in size from a pin head to a lentil, the apices of which were 
for the most part coated with yellow caseous material; in others recent ‘Capil-* 
lary haemorrhage had taken place. He found in cattle pin point haemorrhages 
in the colonic mucosa containing terminal spined ova dcsignatecl as S. bony 
fordi and in the large haiinorrhagcs spindle-shaped eggs resembling- S. hovis, 
which Montgomery named S, spindalis. Presumably the animal referred 
to above suffered from a mixed infection. Liston and vSoparkar (ipiS)- 
when investigating the possibilities of the spread of human bilharziasis in 
India through the arrival of infected troops found a furcocercous cercaria 
in one of the fresh-water molluscs, Indoplanorbis exustus, met with locally 
in Bombay. They successfully transmitted infection to guinea-pigs,^ recover¬ 
ing male Schistosoma worms at autopsy, but failed to infect experimentally 
a monkey of the species Macacus rhesus. Later they infected a young kid' 
via the cutaneous route. About seven weeks later the animal developed 
diarrhoea and spindle-shaped ova containing active miracidia corresponding 
to,Montgomery's description of i’. spindalis were recovered from the fecces.* 
The kid developed severe* ansemia, diarrhoea, paraplagia with oedematous* 
swelling under the jaw and round the neck and a fortnight later it died. 
Post-mortem showed numerous worms in all stages of development in the^ 
liver and the larger portal veins were literally packed with worms,, the females 
containing the characteristic spindle-shaped ova. It is also interesting to note 
that Christophei's and Stephens (1905) recorded the occurrence of spindle- 
shaped ova in the urine of a Madras native suffering fi'ora h^emaiomium, 
Liston and Soparkar (1918) also traced the miracidium through a sporopyst 
stage in the liver of I. exustus with production of cercarise. Soparkar (1921) - 
gave a detailed description of the cercaria which has four pairs of flame-cells 
in the body and one pair in the tail. * There are five pairs of cephalic glands, 
the anterior two of which are coarsely granular and the posterior three finely 
granular. Soparkar further observed that the cercarise mainly occur in L 
exustus and rarely in Limnxa acuminata. Rap (1934) corroborated the 
-observations of Soparkar and further described the miracidium of S.^ spin¬ 
dalis, in which the anterior excretory glands are shorter than the gut, tlie 
•number of cilliary groups on the girdle are 6-8 and the germinal cells are 
large and quadrangular. Bhalerao (1943) added Limnsea luteola to the list 
of the interm ediate 
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Bhalerao (1932) discovered in cattle from Bihar another variety of 
S. spindalis, in which the males had a smooth cuticle, whereas the males des¬ 
cribed by Montgomery (1906) had a tuberculate cuticle. The utirine eggs 
of the females of this variety were smaller in size and measured 0.258-0.46 X 
0.063-0.070 mm., in which respect they converge to the variety africana 
Porter, 1906. These observations were corroborated by the author's own 
observations on this variety collected from several localities in India and by 
Rao (1934) from specimens collected from cattle in Madras. As a matter or 
fact both the author and Rao did not find so far a typical S. spindalis, witn 
males having tuberculate cuticle, as described by Montgomery (1906). 

Fairley and collaborators in the years 1925, 1926, 1927 and 1930 infected" 
artificially buffaloes, goats, monkeys and guinea-pigs with the cercaria of 5*. 
spindalis obtained from L exustus and made some valuable observations. 
The buffaloes and goats developed the disease but monkeys were found to be 
naturally immune. In guinea-pigs only the male worms developed. In 
monkeys schistosomulse were demonstrated in the pulmonary, portal and' 
mesenteric vessels on the nth day; on the 23rd day all living schistosomulse 
had disappeared, but pathological lesions were still present in the liver, where¬ 
as on the 124th day there remained no evidence of cercarial infection. With-, 
in six days of infection the serum of monkeys gave a positive complement 
fixation test. The maxinnim fixation of complement was observed on tlie 
39th day following exposure and negative reactions were established bv 
the 83rd day. It is suggested that the phenomenon is one of true natural 
immunity which is conferred on the species in virtue of some inherent un-, 
suitability of the blood of monkeys to afford a suitable medium for growth 
of schistosomulse, once they have attained a certain stage of development. 

In guinea-pigs penetration of cercaria occurs via the hair follicles. Hepa 
tic lesions characterized by verminous phlebits and the thrembosis were cons¬ 
tantly produced by male wonns- It is suggested that some host factor 
antagonistic to the development of female sdiistosomcs underlies the pheno¬ 
menon of exclusive male survival rather than an initial unisexual infestation. 

In buffaloes which were infected with nearly 60,000 cercarise of S. 
spindalis the schistosomes were found after three months in the portal and 
mesenteric veins and their branches, while ova containing living miracidia 
were demonstrated in the liver, large and small intestines. Bilharzial 
pseudotubercles were observed in the liver and characteristic microscopical 
appearances and also thrombosis in the periportal zones. Intravascular 
deposits of ova were frequently observed in the infiltrated clot and in a few 
instances disintegrating schistosomes were also demonstrated. In view oE 
the acquatic habits of water buffaloes, and the frequency with which they 
inhabit water tanks, it is believed that they constitute chief definitive host' 
of 6". spindalis. 

In goats, during the first three or four months after infection with S’. 
spmdalis cercarise, paired adult worms inhabit not only the mesenteric and 
portal veins and their branches, but they may wander further afield into such 
locations as the gastric, splenic, pancreatic, and renal veins, the inferior vena 
cava, the pulmonary artery or the cavities of the heart. Observations on 
the sex ratio revealed that the males and females were in proportion of 
roo: 48. Ova appeared in the uterus of the female worm within six weeks, 
and were deposited in the tissues within seven weeks of exposure to infesla-* 
lion. The average number of ova per female was 9.1. In the early phases 
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of the disease, especially in the hyperinfected animals, worms are widely 
distributed and dead schistosomes are constantly demonstrable; later a bio-‘ 
logical equilibrium is established and after this the parasites survive indeli- 
nitely in the portal system of the host L.esions occurring prior to the- 
deposition of ova include verminous phlebitis Involving branches of the 
mesenteric and portal veins, and toxic changes in the liver and kidneys. 
Pseudotubercles and periportal cellular infiltrations also occur in the liver. 
Hepatic pseudotubercles, verminous phlebitis of the main portal vein, and 
its intrahepatic branches, mesenteric thrombosis and periportal cirrhosis 
constitute the more common later manifestations. Macroscopical lesions in 
the small and large intestine are uncommon though egg deposition occurs 
in 92.6 per cent and 96.2 per cent cases respectively. They are also deposi¬ 
ted in the liver, next in frequency in the portal and mesenteric glands, the 
gall-bladder, the lungs and the pancreas. Rarely they are demonstrated in 
the spleen, kidney or bladder, while ova have never been observed in the 
brain, spinal cord or heart muscles. The ova of v?. spindalis appear to have 
very little effect on the gut of infected goats. They are deposited in the 
submucosa but no clinical intestinal symptoms result and even microscopi¬ 
cally the local reaction round the egg is remarkably slight. The toxic effect 
appears to be derived from the parent worm rather than the ova. It is the 
toxic product from the mii-acidia that give rise to inflammation reaction, with 
vascular dilatation and cellular infiltration of the tissue in their vicinity. 

It has been observed that alimentary infection with schistosome cercari*je 
occurs only in ruminants owing to the peculiar anatomical and physiological 
differences in the stomach of these animals. The alkaline and neutral re¬ 
action of the contents of the rumen,, reticulum and omasum must predispose' 
to gastric invasion not oniy oy prolonging the life of tiac cercariae but also* 
by increasing the area of mucosa available for invasion. Cercarial invasion 
via the upper alimentary tract appears to be the usual mode of Infestation 
in goats. Consequently they can be succesfully infected with cercariae con¬ 
tained in drinking water pipetted into the buccal cavity as well as by direct 
introduction into the rumen by means of a stomach tube. Schistosome- 
cercariae cannot survive the normal acidity of the gastric contents in animals 
other than ruminants. 

As a result of an extensive survey it has been found in areas around 
Bombay that 2 per cent of L exustus are Infested with cercariae of 6". spin¬ 
dalis and that there is a definite seasonal incidence. The lowest infective- 
rates were observed during the monsoon months from June to September 
and the highest- during the cool period from November to March. 

Fairley and collaborators developed in this country serological method 
of diagnosing bilharzial infection. Antigen was prepared by extracting with, 
alcohol dried, powdered livers of 1 . exustus infested with the cercariae of 
spindalis. An extract prepared with absolute alcohol was found to be highly 
antigenic, acting upto a dilution of i in 600. Similar extracts of dried pow¬ 
dered cercarial liver were rnade with 99, 75, 50 and 30 per cent alcohol. Alt 
wfe‘fe''pOtent antigens acting efficiently in dilution of i in 600 for the 90 and 
75 per cent extracts, i in 400 for the 50 per cent and i in 300 for the 30 per 
cent extract. The antigen which reacts with specific antibody in the com¬ 
plement fixation reaction for Bilharzia is a lipoid or lipoidal complex ol 
colloidal nature; previras workers, however, indentified this antigenic factor 
with the pfoCem dr allied constituents of these extracts. Extracts prepared., 
with thotk dilMh 4 ieohol have the ^vantage of lower lipoid content and in - 
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consequence show a lessened tendency to fix the complement in the 
presence of syphilitic sera of man. It is, however, quite possible that by 
appropriate dilution of concentrated alcoholic extract to work outside the 
zone of pseudo-positive reaction to syphilitic sera and still preserve in high 
degree specific antigenic function. As a result of numerous complements 
fixation tests it has been concluded that the cecarial antigen of S. spindalis 
is of a group nature and can be used successfully in detecting infestations 
S. haematobium, S. mansoni, S. japonicum, S. bovis, S, spindalis and 5 ’. w- 
dicum. Since no other clinical means is available for determining the in¬ 
cidence of unisexual infestation in man serological methods alone could be 
used successfully in such cases. One more aspect of immunology is Opened 
up by such observations; namely the possibility of establishing a broad classi¬ 
fication of cercarise along these lines. By testing various alcoholic extracts 
of different furcocercous cercariae against a known positive bilharzial serum 
it is already possible to state whether a given furcocercous cercaria is the 
larval stage of schistosome or not. Thus a serologist can effectively help a 
zoologist. Alcoholic extracts of the livers of normal snails (/. exustus) or 
of snails infected with non-bilharzia cercarise were found to be quite devoid 
of antigenic properties when tested against bilharzia sera. 

Pleural, peritoneal and pericardial transudates and exudates will yield 
positive complement fixation reaction in infected animals provided the blood 
shows similar reaction. In several instances specimens of cerebro-spinal 
fluid derived from animals whose blood gives strong serological reactions 
have been examined by complement fixation test, but always with negative 
results, showing that antibody does not traverse the choroid plexus. With 
the possible exception of the liver-fluke it will be seen that in animals positive 
reactions invariably mean infection with some mammalian schistosome. 

Experiments of Fairly .show that S. spindalis antigen was quite effec¬ 
tive in diagnosing the vesicle form of schistosomiasis. In man owing ti> 
lipoidal nature of the antigen greater care is necessary in order to eliminate 
pseudopositive reactions in syphilitic sera. In the first place antigen should 
be prepared from heavily infected livers and in many doubtful cases the 
alcoholic extract should be evaporated to dryness and then emulsified with 
saline. The tendency to pseudopositive reaction in syphilitic sera is accen¬ 
tuated by age, so that wherever possible a serum should be exaimined within 
twentyfour hours of collection. 

The reaction inexperimentally infected goats shows that complement 
fixation reactions persist as long as the definitive host continues to harbour 
living schistosomes. Intravenous injections of alcohol-soluble cercarlal ex¬ 
tracts into goats infected with S, spindalis, though’ causing a marked increase 
in*the antibody content of the serum, entirely failed to modify the course of 
the disease. 

Fairley (1926) tried tarter emetic on alternate days or at slightly longer 
intervals in animals infected with S, spindalis. Clinical cure was effected 
in a majority of cases but therapeutic results were disappointing in some. 
In a subsequent series where a similar dosage was employed but injection.^, 
were given at closer intervals highly satisfactory results were obtained. As. 
a result of these experiments the conclusion was reached that tartar emetic 
in doses of 3,9 to S*5 nig. per kg. of body weight, continued daily for from 
sixteen to twenty^six days, is capable of curing S, spindalis infection in goats. 
It was observvl tE7t female worms are affected more by anthelmintics than 
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male ones. The surviving females show a much lower ova count. Intrave¬ 
nous injections of emetine hydrochloride, iri ten to fifteen daily injections, 
varying between 0.7 and 1 mg. per kg. of body weight, resulted in 100 per 
cent. clinical cure. The drug has more efficient anthelmintic properties than 
tartar emetic, but is more toxic and the cumulative effects develop at an earlier 
date. Some animals died from verminous thrombosis of the pancreatic vein 
during or after effective, treatment with emetine hydrochloride. This com¬ 
plication was essentially due to hyperinfection with S, spindalis, and might 
have occured with any specific drug exerting a rapid lethal action on a large 
number of parasites. 

Observations were also made on the length of the survival of antibody 
in animals treated with anthelmintics such as tartar emetic, emetic hydro¬ 
chloride and urea-stibamine. In a number of clinically cured animals nega¬ 
tive reaction became established some 4 to 28 weeks after intravenous 
medication. In detecting circulating antibody following treatment, the ice¬ 
box method of complement fixation generally proved more sensitive than the 
warm method. The result of the ice-box technique were not, liowevei*, 
equally reliable in cases of non-bilharzia sera. Occasicaially pseudo'-positive 
reactions of positive type were recorded. 


Schistosoma nasalis Rao, 1933. 

Unlike other species of Schistosoma, S. nosalis occurs exclusively in the 
nasal veins of the hosts. Usually cattle and rarely buffaloCwS are infected, 
but sporadic cases of this infection occurring in goats and one .soUtai’y ins¬ 
tance of ari equine infection were brought to the notice of the author. 'I'h * 
male of this parasite has a prominently tubevculate cuticle and the ova have 
the shape of a boomerang or the Napolcan's Hat, with a spine at one end. 
The lesions produced by the parasite extend from the anterior nares to the 
posterior part of the nasal chamber and can be observed on the nasal sep¬ 
tum, the turbinal bones and, the alie nasi. The infection of the caffinititM 
hpst o(;curs through the nose while the animal is drinking water infested 
, with the proper kind of ccrc<iriai. About six weeks after the initial infec- 
tiop there is congestion of the nasal mucous membrane, coryza end sneezing. 
Ten days later there is more mucus discharge and the mucous membrane 
becomes oedematous. About eleven weeks after infection raised patches aie 
studded over the oedematous mucous membrane. These contain the charac¬ 
teristic ova. At this stage the nasal discharge becomes thickened attl 
^ apears more or less mucopurulent, which later turns rusty and streaks of 
f blood are noticeable in it. There is narrowness of the nasal calibre giving 
rise to peculiar snoring sound during respiration, from which the disease is 
colloquially called “Sun Suna” in certain localities in India. Shortly, abs¬ 
cesses appear on the patches and burst. After bursting of the abscesses the 
patches subside and the breathing again becomes lose noisy. After a lapse 
•of some days the lesions reappear and the breathing again becomes distress¬ 
ing. Microscopical examination of the nasal discharge x-eveals th$ presence 
of the peculiarly shaped ova and in a thinner discharge could be detected 
the miracidia as well. The disease is known to all veterinarians in this 
country as Nasal Granuloma which is, however, quite distinct from the 
nasal granuloma which is proved to be rhinosporidiosis by Krishnamurti 
Ayyar iti 1927, 

Microscopical examination of the morbid tissue reveals that the ova- ace 
^primarily deposited in the submucosa. In sections passing through an 
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ovum, containing in some cases a well developed miracidium in it, there is 
central core and around this, with fibroblastic activity and eosinophilic infil¬ 
tration, concentric rings of fibrous tissue gradually inv!Lde from the pen- 
phery inwards tmtil the lesion may be considerably fibrosed, giving the en¬ 
tire structure an appearance of a' typical bilharzial pseudotubercle. In ad¬ 
vanced lesions, the ova undergo calcification or are desorbed or totally diges¬ 
ted by the giant cells and no eosinophilia may be present in the altogetiaef 
fibrosed nodule. The blood vessels are usually enlarged and in the majority 
of cases endophlebitis is produced by the liberation of the toxins by the 
worms contained in them. Around some vessels there is a cellular infiltra¬ 
tion and fibrosis as noticed around an egg giving rise to similar pseitdotuber- 
cles, finally leading to obliteration of the vessels. Defunct and degenera¬ 
ting parasites may bring about a thrombus fomiation. In some cases theie 
is a rupture of blood vessels thus making it possible for the ova and sonr-‘ 
worms, particularly the females, to migrate into the perivisceral tissue. 

The etiology of this disease was quite obscure until 1931 when the 
author accidentally recovered at Mukteswar a male worm from a piece of 
morbid tissue which was kept in saline in an incubator at 37°C. for about 
eighteen hours. Earlier Krishnamurti Ayyar (1925) was erroneously led 
to the conclusion that tlie disease was of actinomicotic origin. Since potas¬ 
sium iodide was found ineffective in alleviating the symptoms of the disease 
Dr. J. T. Edwards, the then Director of the Indian Veterinary Research 
Institute, Mukteswar, suggested in 1929 treatment analogous to human 
achistosomiasis. Cooper in 193 x, however, wrongly concluded that, since 
tartar emetic was useful in the successful treatment of the disease, it must 
have been produced by som^ protozoon oi'ganisms such as those of Kala Azar 
or Surra. Malkani in 1932 published a short note on the etiology of this 
condition, declaring that* it is a form of nasal schistosomiasis. The same 
year Datta (1932) published a paper giving exhaustive details about the 
symptoms and histopathology of the morbid tissue. In 1933 Rao and Mal¬ 
kani published independently their own observations on the symptoniology, 
histopathology and other aspects of the disease. 

According to the available data the disease occurs in Bombay, Madras, 
Central Provinces, Bihar, Assam, Orissa, Mysore, Bengal and also lu 
Burma. Although the animals are actually infected during monsoon, dins • 
cal symptoms of the disease become manifest in the cold weather, the incu¬ 
bation period being approximately.three months. Numerous cases of this 
disease are noticeable from November to March and in some notorious 
localities as many as 80 per cent, of the cattle fall victim to this affection. 

A thorough description of both male and female parasite was first 
given by Bhalerao (1932). Later Rao (1933) and Malkani (1933) pro¬ 
vided an indepedent account of this species. Researches of Rao, Sewell and 
Bhalerao proved that Limn2ea acuminata, L. lutcola, L. amygdalum anrV 
Indoplanorbis exuslus act as the intermediaries of this parasite in various 
localities in India. Rao (1933, by his experiments on calves at Madras 
established that Cercari^ indict XXX Sewell, T922 develops into Schisto¬ 
soma nasalis, Sewell (1922) had given a detailed account of the anatomv 
•of this cercaria. It has three pairs of flame-cells in the body and one pair 
in the tail. Its miracidia, as described by Rao (1934), has the ^terior 
excretory glands longer than the gut, the girdle has 10-12 cilUary groups 
•on it and the germinal cells are small and rounded; _ . 
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Rao (1934) was also successful in artificially infecting gubea-pigs 
■with the Cercarix indicae XXX Sewell, 1922. He, however, recovered a few- 
worms from the lungs, which were all males. Like S. spinladis guinea-pigs 
do not apear to be suitable media for the development of females of the 
species 6'. nasalis also. 

Datta (1932) and Malkani (1932) advocated the use of tartar emetic 
in the treatment of Nasal Granuloma. Rao, however, used antimony tar¬ 
trate and antimosan for the treatment of 8901 cases during the three years 
1936, 1937 1938- Of these 33.8 per cent, were cured, 66.2 per cent 

were discontinued and there were only 25 deaths which works up to 0.002 
per cem. According to Rao antimony tartrate is the drug of choice. Anti- 
rhosan, a proprietary preparation, is coi-npai-ativcly iron-toxic and is found 
valuable, but it is expiensive. The dose of antimony tartrate is 1.5 grains per 
100 lbs. of body weight given daily for six days or 2.5 grains per- unit of body 
weight every alternate day. The dose of antimosan is 40 c.c. per 150 lbs. 
of body weight. Antimosan has further advantage of its being given sub¬ 
cutaneously or intravenously and requires more amount df skill and care in 
administration. The drug kills both adult womis and ova. The small per- 
c^tage (0.002%) of deaths may b.e due to faulty technique, individual 
idiosyncrasy or in rare cases worm emboli in the lungs. The toxic symp¬ 
toms noted in the case of antimony tartrate were rise of temperature, dis¬ 
inclination to move, weakness of pulse, dryness of mouth and nose and un¬ 
steady gait. These last for about four days. They indicate that no fur¬ 
ther treatment should be given during that period and if proper precautions 
are taken the number of deaths could be reduced. 


Schistosoma indicum Montgomery, 1906. 

Montgomery (1906) published an account of bilharziasis in horses, 
which were ill conditioned, weak, with harsh staring coat indicative of un- 
thriftmess. He found that 9 out of ii hill animals and ii out of 15 plains- 
animals were subject I0 this condition. There was in these animals passive 
congestion in the portal S3’st(!m. Mesenteric veins, especially of the colon 
and rectuni, were enlarged so were also the pelvic veins. The liver in all 
cases was in a state of chronic venous congestion. It was studded with 
chronic pearl-like nodules, varying up to the size of a pea, well defined by 
a fibrous capsule and easily enucleated. The mucous memorance of the- 
large intestine showed small petechial haemorrhages, its wall being slightly 
tbekened and the submucous capillaries dilated and congested. In donkevs 
the lesions were analogous to those of horses. * 


Montegomery (iqc^) observed.that the alimentary canal of ,^hcep from- 
the pylours to the margin of the anus, infected with S', .indicum, was studded 
X Pi-iiictiform hemorrhage. Observations of Baldrey 
m.i9(^ on sheep at Inhere and those of the author on sheep from Sind 

thShoifiX^nXf- indicated the presence of numerous nodules 

nresefrp . ‘^n examinations these nodules revealed the- 

KSnr ^imals suffered from 

“^*®inatous swelling in the submaxillary region. In 
ftX! condition 15 known as ‘Pitto' or ‘Gillar'. In parenthesb 

It may be rmarked that more or less similar clinical picture in bvines is pro- 
■ciuced by the infestation of immature amphistom'es. ^ 

from .the mesenteric.veins of the 
^all and large intes mes, portd veins and the veins of the omasXi of S 
camMs. All these veins were in a state of passive congmsXn 
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* ’ ; ,( J933^! |>uWislied a t^taper-describing' ike, nodular .portal -eirriiosis 

%U enlarged livers' of horses in India,' Causing persistent debility and -^heavy 
mortality as due to the bva of 6'; indkym. • He, published a report, of, eight 
cases, described the morbid anatomy of various organs of the horse , and 
discused'the methods of diagnosis and control of the disease. ■ The liver of 
these horses was riddled witii numerous calcified, greyish, white nodules of 
the size of sago or pea, at the centre of which was the ovum of the worm, 
with a disrupted shell. Only in one case could Datta detect a female at the 
centre of the nodule. The portal veins were dilated, majority .of them being 
obliterated or occluded. The developing miracidium inside the egg is readi¬ 
ly destroyed by the phagocytic action. It is remarkable that the liver- cells 
remained healthy for a remarkably long period. Although bilharzial lesions 
^re usually restricted-to the large intestine, they rnay ,encroach, upon ths! 
^ali intestine and in rare advanced cases, even upon the stomach. The 
niucous membrane is ulcerated, but no layer of the gut wall is found Ip be 
ffee f^oni the lesions, although in every case the venules in the submucous, 
cpat are' the only seat where the pseudotubercles are produced around six 
W more ova. It is,remarkable that in equities the schistosome ova are'found 
l^ow the mucous membrane but in ovines and bovines the eggs ajre res¬ 
tricted to the mucous membrane only, where the actual lesions are more cel¬ 
lular than fibrous and -not calcareousat all Mesenteric,, portal, .mediastipal 
and rbronchiai glands are also affected. Pseudotubercles at yarying stages 
of, fibrosis . and calcareous degeneration are encountered throughout the 
^lanfls. Some glands may reveal .only an endarteritis, eosinophilia and a 
haemorrhagic ^gpear^ce. Plqura and the lung parenchyama also exhib'^ 
b[i^iarzial region?. ,^he nodules ^ rnay reach the size of a green pea.' A 
moderate enlargement and hyperemia may be the only lesions in tlie spleen^ 
and.tliese are due to’portal stati?. Ordinarily .actual nodules are seldom en¬ 
countered but in extrieme cases there, may be many pf them. Brown granules 
of bipod pigment' and ebsinppnilia niay be serii at places.. ^Evidence of 
ascitic.fluid.may.or may not be present. / 

There,exists in India a disease .of equines, known locally as Kumriy 
which resembles tp a large extent, the better faiown condition of equine 
paraplegia. Malkani (1933) reported the occurence of S. indicum worms 
from the Uyer and portal circulation of two Kumri ponies in Patna. He 
obtained, encouraging results by . treating Kumri ponies with sodium antimony 
tart.ratp. On, the basis of these .two facts 5 *. indicum has been looked upoii 
by some g,s pausing in horses. This fact, however, requires corro¬ 

boration before, it can be finally accepted, for numerous equine cases are 
l^pwii^to the author in which 5 . indicum infestation.did not produce Kumri, 

; P^or tbT9;^i2 ' 5 '. indicum, knp^ to occur only m the horse, donkeyj 
shdep arid tJie catnel,^ When Bhalerap (1932) recorded its presence in cattfc*^ 
and Igdats from’Various localities in India*. ' Montgomery (1906) was .the 
fiibt fd describe this species, later Bhakrao (1932) added materially to ,th^': 
original ^scripti^'of this parasite,' Amongst other things may be rhentioiied ‘ 
thfii'^rahge of Sie ^riatibh of the number, of tests, which is. 5-12 and iibt -5-9' 
as Was’p^teviohMy* known.. The female.worms obtained by Leese .■ 

were someWhat^'different from tho^e of iMontgpmery in respect of the pro¬ 
portion of 'the length of the paired cseca to jhat of the conifribn d3fetihi; but' 
Professor Leiper,'.to'whom tlie specimens Were referred, considered it to 
be an unreliable specific point of distiriction. The life^hJstory df'diife im¬ 
portant parasite'still awaits elucidation.’ *. ' * ' *1 ' ' ' ’ ' ’ 
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In passing, it may be remarked here that all previous records of the 
occurrence of Schistosoma bovis in this country appear to be erroneous. In 
spite of extensive investigations of the author and those of Rao this species 
has not yet been encountered in domestic animals in this country. Malfor¬ 
med eggs of S. indicum appear, to have been mistaken in the past for those 

of S. bovis. 

Schistosoma incognitum Chandler, 1926, 

Chandler (1926) recovered from the supposed human stool asymmetri¬ 
cal schistosome eggs with a subterminal spine on the slopes of a tank in a 
village near Krishnagar in Bengal. Another case of the same infection was 
found 'by him in the vicinity of a village of Nepalese • on the outskirts of 
Kalimpong in the Himalayan foot hills on Northeim Bengal The. eggs in 
the two cases measured 95 X 41.5-43 and 95-100 X 45-50/* respectively 
and the spine was 7.3 ^ long. In the localities from which these sup¬ 
posed human stools were collected pigs were' common. In addition to the 
schistosome ova, in' the first case hookworm ova were also detected and in 
the second the ova of Ascaris, Trichuris and the hookworm. This made 
Chandler confirmed in his belief, that the stools from which he had obtained 
these peculiar ova were of human origin. Chandler assigned these ova to 
a new human species of Schistosoma, Schistosoma incognitum. 

Rao and Ayyar (1933) discovered a new schistosome in pigs in Madras, 
which they designated Schistospma suis. The eggs of this species are flat 
on .one side and measure 90 X 41 m . They have a subterminals pine which 
is 7.5 /.A long. A comparison of the eggs of this species with those described 
• by Chandler (1926) led the joint authors conclude that both were identical 
They further remarked that the faeces from which Chandler obtained ova 
were of pigs and not of human beings, for Ascaris, Ancylostoma and 
Trichuris are common both to pigs and men. This appeared to the author 
probable and he (Bhalerao, 1938) suggested that according to the Inter¬ 
national Rules of Zoological Nomenclature 6'. suis should fall into the' 
synonymy of S, incognitum, the .latter, name having a priority. 

Sewell (1919) recovered Cercari^ indicdt XXX from Indoplano'rbis 
exustus and amygdalum from a tank in Calcutta. ■ The cercaria 

had thiree pairs of flame cdls in the body and one pair in the tail It had 
five pairs of cephalic glands,' On comparison Sewell found that this cer¬ 
caria was indistinguishable from that of S.' japomcum except that the for¬ 
mer had a. slightly smaller body and a trifle longer tail. Although the 
.anterior two pairs of cephalic glands of Cercaria indict XXX had coarsely 
granular protoplasm and the posterior three finely granular protoplasm. 
Sewell did not attach to this differentiation any value, dismissing, it with 
the remarks that this differentiation is merely physiological and not mor¬ 
phological , Being led by this assumption Bhalerao (1934) described male 
schistosomes collected by Dr. P, A. Maplestone from the intestines of pigs 
in Calcutta, which he regarded as a variety of S. japonicum. A comparison, 
however, of these specimens with those from pigs in Madras obtained by 
Rao and Ayyar convinces the author, beyond any shadow of doubt, that both 
the specixnens are identical and the schistosomes from pigs in Calcutta can now 
be rightly assigned to the species 5 *: incognitum. Moreover, as has been 
stated in the earlier part of this address, Rao (1934) proved experimentally 
that Cercaria indict XXX develops into Schistosoma nasalis. 

In addition to porcine hosts S, incognitum parasitises dogs as \yell 
Rao and Ayyar (X935) discoyefed the ova of this species in the faeces 
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of a dog from Jubbulpore that was brought for treatment at the veteri¬ 
nary hospital, Ootacaxnund* This dog was suffering from persistent dysen- 
tary for the past six months. The owner had lost previous three other dogs 
which also showed similar symptoms. A second case of this infection in a 
dog has been recorded by Rao (1937) from North Arcot district, which 
had frequent attacks of dysentery and was not keeping good condition. ' The 
eg'gs were quite t3q)ical and measured 90-120 X 40-oa and the spine was 
5-7.5 u. long. Rao also described the miracidium in the egg, which showed 
^'Shoulders'' at its antero-Iateral margin: a structure unknown in the mira- 
cidia of other species of schistosomes. Other interesting points in the 
anatomy of this miracidium are the absencq of a cilliary girdle found in 5 ^. 
japanicum and the presence of six refractile rounded bodies in the region 
around the digestive tract. Subsequently to this the author has known 
three other cases of this infection in dogs from different localities in India. 

Orniihobilharma bomfordi (Montgomery, 1906) Price, 1929. 

This species was found only once in a plains cattle at Mukteswar by 
Montgomery (1906) along with S. spindaiis. Oval eggs with terminal 
spines were recovered from pin point hemorrhages in the colonic mucosa. 
Since there was a mixed infection of O. bomfordi and 6’. spindalis in the* 
animal it is extremely difficult to refer to the symptoms which could be 
produced by the former species alone. Amongst other characters, as thv^ 
testes in a male number up to 70. Price (1929) assigned this species .to the, 
genus Ornithobilharjsia, remarking that some bird must have been the 
definitive host of this species and the bovine infection was.purely acciden¬ 
tal. Although the author is in complete agreement with Price in assig¬ 
ning this species to Ornithobilharzia, it is highly sceptical how far Price 
was justified in his statement regarding some avian species being its defi¬ 
nitive host, particularly in view of the fact that another species of this 
genus has been recorded from a mammalian host in this country, to which 
reference will be made presently. * 

Ornithobilharzia ndiri (Mudaliar & Ramanujachari, 1945) 

Bhalerao, 1947. 

Mudaliar'.and Ramanujachari (1945). described this species< from an 
elephant aged 68, working in Coimbatore forest, designating it Schisto¬ 
soma nairi. The only symptoms prior to the death of the animal were 
gradual emaciation, debility ‘and inability to work. The • males measured' 
9.4 mm. in length, the cuticle was tuberculate and the testes numbered up 
to ‘52. The female was 10.5 mm. long, the ovary was situated at the an-. 
terior fourths of the body and the eggs, singly in uterus, were flat’ on one 
side, had a terminal spine and measured 80 X 30 On account of the 
anatomical peculiarities of both male and female worms this species could 
not be retained in the genus Schistosoma and the author consequently 
assigned it to Ornithobilharzia in 1947. 

Human Schistosomiasis. 

^ There are only a few records in this country of indigenous human- 
schistosomiasis. The first case was reported by Powell (1903) from a 
native of Bombay who had painless hsematuria ' without constitutional 
effects. Numerous ova with terminal spine were detected in . the urine. 
The second case was recorded by Sewell (1904) in a private of the ist 
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SfQutiti. Wstles Bar4^rer'$ wl^o passed dfirk coloured urine witk nunaerousj 
oiva of Sckistbsomfi' h^atopium* The patient w3ls for fpur years in In- 
doa hjid pever been to Egypt or South Af rica. The third case wa& 
reported by Christopher^ and Steph^iis (lipos) from ,a native of Madras, 
who was suffering, frpm h^^maturia. In the urine were detected ova of 
S, h^mfLtgbium \znd in additfop long spindle-shaped ova witli a terminal 
spine, measuring. 205, X 53 'yy^arjirpp (1906) descidbed two cases o,f 
British/Souliers, who'developed urinary bilharziasis in India six months 
after. leaving England. Thes^ soldiers had never been out of England- 
Hooton. (1914) .recorded:a case of urinary bilharziasis in a Parsi girl, 
aged 5 years,- at Rajkot (Gpjrat), There was pain on mictiiration and 
the urine' smoky;, which later became definitely red, micturation was 
frequent and/the» child,, complained of burning sensation at the vulva and 
pain ip the- hyppgastrluni. Eilharzial eggs with a terminal spine were 
detected in urine. The girl had also a rise of temperature. After ad- 
minis*fat.ion of ,c^ciupi chloride for three days urine became normal, the 
ova disappeared from urine and the child was apparently in her usual 
heklth.' Hootonl suspected " two other cases of this nature in the West 
Hospital Raijkot Harkness. (1922) rej^orted a case of British soldier, 
aged 26 y^rs, complaining of'an urethral discharge on the previous day, 
itching'of the’penis', pains in the .back and frequency of micturation du- 
rsig the mat two months.' He had had similar discharge and frequency 
of ''micturatipn two yCars e^trlier* when on active service in India, where 
he was’ stationed’ for three years. Examination of urine revealed the 
preisettce 'of the ova of S'. Hxmatobium, The urethral discharge lasted for 
two'days and then disappeared.'" He* yidded to the treatment of sodium 
autimony tartrate.’ ' ' .• 

“, Reference has already been made, to the ova of S. infognifum, ob¬ 
tained by Chandler (ig2^). Since’this species has been so far recorded 
from pigs and not .from hunian beings in this .country, it appears more 
probable that the samples of feces which Chandler er^amined were of pigs 
rather than of men. Investigators in future would do well to keep an eye 
on this ipfectipa in.man, with a view to corroborate, or refute the conten¬ 
tion of Chandler! Mello (1936) quotes, ope definite autochthonous case 
of urinary bilharziasis in a child 9 years old, resident of the village Val- 
poy in Portugese Goa," where ffrom 1912 ta 1934 were living African 
troop’itifeQted'with these, trematodes. The child was admitted to-the fios^-. 
pital ’for cystistis; aijd dysentery aiid showed nupierous ova of S, h^mato- 
bium in urine and feces. Receptly Andreasen and Suri (1945) repor¬ 
ted a case in a Sikh sepoy, a resident of Ambala district in the Punjab,, 
|who had never been opt of India. He was for a short time in PoQiu 
Where West African troops were stationed at the time. Following'a tri¬ 
vial injury in sports, , he noticed blood in. his urine and for two weeks 
suffered from dpll pain in the lower abdomen and at the end of the penis 
after micturation. Large number of ova'of 5 ’. h^matobium were detected in 
his urine^ which disappeared after treatment with tartar emetic. 

It will be evident fronj the above that only nine authentic cases of 
human bilharziasis have befen recorded from India during the years from 
Ift03r]tq 1945. wppld.^jrffpre' apppr^t first sight that human bilhar- 
zjasis is npt. a very.^.eripUSjpqpdition-in, this.,couptry* It, however, trans* 
pyreS; |f^om^ the abpye thj,1;.;^Qmp,.px<^^ in cppntry-are capable of 
harhopripg t^^e ^} 4 py^l,r^tage§, o^-^'the : s^j^jto^me,, .5*. h^matobiw^. 

Anothm §eri9t}S;:ptpye{p ppn|wpi:ftdpo^ip.try\ was * 
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whether the infected troops, coming from the endemic areas such as 
China, Japan, Egypt and other parts of Africa, stationed in this country 
or the Indian troops arrived back in this country after being infected in 
the endemic areas during and a little after the last two Great Wars, would 
act as a source of infecting the local molluscs and would thus menace 
the human population in this country. Soon after the first Gieat War 
this problem was critically examined by Sewell, Kemp & Graveley and 
Soparkar. Sewell (1919} acting mainly on the basis that since the species 
of molluscs which serve as intermediaries of S, hctmatobium, S, mansoni 
or S, japonicum do not occur in India, endemic human schistosomiasis is 
not possible to establish in this country. Kemp & Graveley (1919) tried 
experiments to infect potential molluscan hosts with the mkacidia of S. 
Immatobmm. Melania tnberculata, M. variabiUs, M. lincala, Amnicola 
orciila, Bitliynia sp., Vivipara be^igalensis, Pachylubra globose, P, cari- 
nata, Limna^a amygdalum, L. ovalis, L. snccinea and Indoplanorbis exus- 
tus, collected near Hyderabad and Secunderabad, were used by them In 
their experiments. All these molluscs proved refractory to the infection. . 
Soparkar (1919), after discussing the pros and cons of the question, cou-^ 
eludes with the remarks that the question whether human bilharziasis is 
likely to spread in India cannot, in the present state of our knowledge, be 
answered witli any degree of certainty either in the affirmative or in the 
negative. This problem was re-examined by Mukerji, Bhaduri and 
Narain during the second Great War. In May 1944 a large body of West 
African troops was stationed in Ranchi area. Examination of urine and 
faeces of 22,317 troops revealed that 2, 061 were p<issing ova of S. h^mato- 
bium and 38 individuals those of mansoni. Indoplanorbis exustus,. 
Acrostoma variabilc, Limnata luteola, Melanoidcs tuherculatus, and Vivi- 
para bengalensis, collected from the Ranchi area, W’ere subjected to the 
artificial infection with the miracidia of haematobium but with negative 
results. The joint authors later tried to infect eight species of molluscs 
collected in Calcutta with the miracidia of S. haematobium and S. mansoni,. 
but none of the molluscs caught the infection with either of the two species 
of schistosomes. Only in two instances -was it observed that the mirac:- 
dia of i'. h^matobiUm attached themselves to Melanoidcs and Indoplanorbis 
but after a short interval detached themselves again. 

Although the extensive experiments of Kemp & Gravely and those of 
Mukerji et ah, in three different localities in India, proved of a negati^^e- 
character, mello (1936) published some data regarding his attempts to in¬ 
fect some fresh-water molluscs in Portugese India with the cercarite of 
S. haematobium and' the results of his observations are very significant. 

In Limnaea luteola var. pinguis Dohm he observed that miracidial attrac¬ 
tion was very active and was often followed by penetration. He also en- 
comtered a natural case of the infection of Melanoidcs with fiircocercous 
cercari^e which were indistinguishable from those of S. haematobium. His 
observations therefore offer a clue to explaining the sporadic occurence (T 
the cases of bilharziasis in this country. This need not, however alarm us 
for the clinical, epidemiological and experimental data, obtained so faf, do- 
not warrant the conclusion that urinary bilharziasis may become cndenlic in 
India. 

'Schistosoma dermatitis in man. 

Cort (1928).was the first to demonstrate that non-human schistosome 
cercana produces the ‘ Swimmer’s itch’. The author encountered recent¬ 
ly similar condition in men bathing in some of the tanks in the Mysore^ 
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State. He had engaged three men to collect snails from two tanks. They 
were wading through knee-deep water for about two hours. After they 
came out of the water they complained of itching s(Misation in the legs and 
started scratching them. Very soon their entire kgs and part of their 
arms were covered with numerous papules. 'I'hc condition grew more 
distressing after about six hours, when we had to olier them rclkd by the 
application of' a ‘concentrated solution of magnesiutn sulphate. L/Xamina- 
tion of the snails from the tanks revealed the presence of two species\ of 
furcocercous cercariae. Attempts arc being made to identify these species 
of cercarise. The possibility of the existence of such a condition in this 
country was already forestalled by the audior tiihalerao^ 193^1' 


Control and conclusion. 

It will be realised from the foregoing remarks ^ that schislosoniiasis, 
particularly in domestic animals, is a very serious condition and brings about 
considerable monetary loss to stockowncr.s in this country. Strenous 
efforts should therefore be made to control this condition by the known 
effective methods such as the treatment of affected animals, destruction of 
snails by the chemical, biological and mechanical means^ and by the treat- 
ni’etit and proper disposal of the excreta of animals. Such measures will 
not only eliminate schistosomiasis but wifi also^ exterminate other flulce 
diseases, both of men and animals, existing in this country. 
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President: Dr. K. A. Chowdhury, D.Sc, F.N.L, 

SOME ASPECTS OF PCEE AND APPLIED WOOD ANATOJKLT 

{Delivered on January 6, 1948 ) 

INTRODUCTION. 

For the last eighty years, considerable research has been done to 
understand the anatomy of plants. Wood anatomy, which is but a branch of 
plant anatomy, did not receive attention even for such a long time. Research 
on wood anatomy has been carried out for only fifty years. Earlier workers 
in plant anatomy as well as wood anatomy were not aware of the exact 
nature of the material they were handling and recorded anatomical structure 
in such a way as to bring confusion in recorded observation. To start with 
anatomical structure of herbarium material and immature parts of plants 
mainly constituted the basic knowledge on the subject. But research carried 
out during recent years has revealed that wood formed during the youthful 
growth ot a tree is different from that foriUed during its adult life* In 
other words, anatomical structure of young trees, small brandies and twigs, 
cannot be relied upon for a systematic classification of their mature woods It 
is, therefore, no wonder that the botanists in general were confused/ and 
considerable doubt was created in their minds as to the value of wood ana¬ 
tomy for systematic classification of plants. However, pioneer work by 
Grew, Malphighi, Von Mohl, Nageli, Th. Hartig, Sanio, De Bary, Van 
Tieghem, Jeffrey and others made considerable contribution to our under- 
standmg of wood anatomy. 

In 1930, at the International Botanical Congress, the idea of having an 
International Association of Wood Anatomists originated. The Associa¬ 
tion, which was actually formed in 1931, gave the anatomists a common 
ground fqr meeting and discussing their proWems. Exchange of ideas and 
'materials amongst its members has greatly facilitated research work in 
different parts of the world and has l^en responsible for the preset state 
ef our knowledge. In fact, "'One World” theory of Wendell Wilkie has 
worked out very well in this Association. Credit for this success goes 
again to another American, the late Professor S. J. Record of the 
Univ;rsity, U. S. A. 

India owes a great debt to the late Mr. J. S. Gamble, F.R.S^’for Ms 
book on “The Manual of Indian Timbers” (34)- In spite of his 'btto 
duties as a forest officer, this indefatigable worker found 
general survey of the important timbers of India at a 
known about the tropical woods. For years it remahied/w 
reference book on Indian timbers and to some exStent 
for up-tO'datc information on some Indian timbers 
of Syracuse University, U. S. A. He with' 
iri 1932 in two volumes “The commerdal ttefeers; 
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present an attempt is being made at Dehra Dun to revise Gamble's "'Manual 
of Indian timbers" and to bring it up-to-date. Work on some of the fami¬ 
lies IS now ready for the press. 11 is the intention to publish this work 
ill several volumes. 

I. PURE WOOD ANATOMY. 

Wood anatomy has two distinct aspects. One aspect is to study and 
interpret tlie anatomical structure of woods with a view to classifying them 
into different groups and sub-groups. To get a clear idea of the anatomy 
of wood, it is often necessary to know the different stages in the formation 
of wood in a tree. The other aspect of wood anatomy is to use the know¬ 
ledge thuSj obtained in the utilization of timber resources of the country. It 
will, therefore, be seen that fundamental knowledge in wood anatomy is a 
pre-requisite for any attempt at efficient timber utilization. 

Growth in Trees, 

Tree-growth has been a subject for investigation for many years in 
temperate countries. Two types of growth are recognised; the extension 
growth or height growth and the radial growth. For a period of about eighty 
years, the exact place of annual initalion of radial growth and its spread 
throughout the tree have been a subject for controversy. One school holds 
the view that the. renewal of growth begins annually in tlie youngest shoot 
and then spreads downwards to the main trunk. The other school is of 
opinion that the growth may take place in the large branches and stems 
while the buds are not open and the twigs do not show any growth activity. 
Quite recently, Priestley and his co-workers at Leeds (45, 46, 47), by using 
a new technique, have found out - that "cambial activity commences in the 
opening buds and then spreads basipetally over the old wood of branches and 
trunks." They have also reported that in the ring-porous and non-porous 
(coniferous) trees, the radial growth spreads with such an extra-ordinary 
rapidity that it may be observed in the main trunk when the buds are not 
w^ open. But in the diffuse-porous trees they have noticed that the spread 
of radial growth is comparatively slow. 

Now, about a year or so before Priestley started on this investigation, 
a similar research was being carried out in India on some forest trees with 
Ae help of a different technique. Priestley's important discovery on the 
inception of cambial activity was immediately taken up by me for confirma¬ 
tion on tropical trees. By usiiag my own method (7) as well as Priestley's, 
it has been possible not only to confiiin his original observations but also 
to throw some light on certain points raised by him (7, 8, 9), Results of the 
studies on more than a dozen trees located in different parts of India, are 
summarized below:— 

The cambial activity at first begins in certain young twigs in very 
narrow patches (not all round) just below the buds which are partly or 
fully opened and spreads dpwpwards through tlie large branches towards the 
base of the tree. A point to note, here is that all twigs do not start radial 
g^wth at the same time. This annual process is a slow one and usually 
, t^ .some we^ to get ^ofiig in all twigs and branches. At the earliest 
ac^yity is .mainly confined to the awakening of the cells of the 
. cap^^ ^pnes in the narrow palch^ and there are many gaps in the cambium 
brandies,, wfi^ nb growth activity can be noticed. 

sideways,along ihe cambium and 
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join one another. It is then that the radial growth activity all over the 
cambitjm vigorously begins. This sequence is followed in all trees whether 
they are non-porous or ring-porous or diffuse-porous. In India, the spread 
of cambia! activity is usually faster in the non-porous and ring-porous than 
in the diffuse-porous trees. There is, therefore, a general agreement with 
Priestley's observations on trees of temperate countries. But here mention 
must be made of some ring-porous trees of tropical India, which show the 
spread of cambial activity as slow as It is found in the diffuse-porous trees. 
Moreover, it appears that the speed at which the cambial activity spreads 
from the crown to the main stem of the ring-porous trees is dependent on 
the duration of seasonal activity. When, due to local conditions, the period 
of radial growth is long, say 6 to 8 months, the cambial activity spreads 
slowly. But when the radial growth activity lasts for only a few months, 
the spread of cambial awakening is fast {9). 

These findings at Leeds and Dehra Dun go a long way to explain the 
reason for controversy over the awakening of cambial activity in the different 
parts of tree. It is now quite clear how some workers have got the impres¬ 
sion that the radial growth may take place in the main kem when the buds 
are not open and the twigs do not show any growth activity. We have 
noticed in India that at the renewal of radial growth activity in the main 
stem, some buds are open while others still remain dormant. If any worker 
happens to notice most of the buds dormant but finds radial growth in the 
material he has collected from the main stem, he will naturally draw the 
conclusion that the radial growth in the stem is independent of that in the 
twig.. But we now know that this is a wrong impression which is due to the 
defect in taking out the samples for study. 

Of all the local climatic factors, temperature seems to have the greatest 
influence on the initiation of cambial aftivity (9). The radial growth once 
started continues for sometime unless there is some serious disturbance in 
the normal physiology of the tree. TMe cessation of growth comes later in 
the season. The local factors responsible for it are not at present clearly 
understood. In'temperate climate, low temperature has been said to be 
responsible for the cessation of radial growth. But in India this does not 
seem to be the case. For, it has been found out that the same species grow¬ 
ing in different localities ceases to grow at different temperatures (9). 

The height growth of trees has been studied by some foresters and 
others. The data collected in temperate region do not give us ,a complete 
picture of this phenomenon. Nor is it at present possible to clearly under¬ 
stand the factors which govern the commencement and the progress, of this 
growth. In the tropics this study appears to be somewhat more complicated. 
Here, some trees show elongation of shoots regularly every few months, 
while others have more or less a continuous growth throughout the active 
season. There are also still other trees in which each big branch shows 
extension growth at different time of the year, almost behaving like an 
individual tree. In view of these, considerable research has yet to be done 
to clearly understand the height growth of Indian trees. 

In this connection, Priestley has reported renewal of cambial activity 
in both ring-porous and diffuse-porous trees along with the extension growth 
of twigs. But in India, the height growth in these two groups of trees 
precedes the radial growth by 2-3 months. The primary growffi has been 
found to be responsible for the extension of twig at the early period. The 
cambium cells in the newly formed twigs are swollen and fully developed 
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at that time but do not start secondary growth till much later in tlie 
season (23). 

Classification of Woods. 

The all important branch of botany is the classification of plants. The 
systematist classifies plants based on their external morphology and the 
anatomist studies the internal morphology of plants, which have already 
been classified by the systematist. It will, therefore, be seen that the anato- 
mist is dependent on the systematist for tlie classification and naming of the 
material on which he is to work. Occasionally, systamatists have sought 
and made use of tire aid of the anatomists to solve some difficult classification. 
For, when tire study of external morphology does not allow a definite classi¬ 
fication, knowledge of internal morphology may help in making the final 
decision. In 1883, Rodlkofer prophesied “The next hundred years will be 
devoted to the anatomical method’’ .(.51), but the botanical records of the last 
sixty years do not show much co-operation between the systematist and the 
anatomist. Each has been going on his own way, so to say. But recently, 
some systematists have expressed the view that ■ all is not well with the 
method of classification that is being used by them, and that the findings 
^d opinions of research workers in other branches of botany may be helpful 
in putting matters right for the systematists. In view of this, I hope that 
^ntie of the problems of classification of woods reported here will be of 
interest to the systematist. In addition, it is my intention to indicate where 
co-operation of not only of systematists and anatomists but also of workers 
in other branches of botany and other branche.s of science is likely to be 
profitable to all concerned. 

Upto 1930, anatomical investigation of wood was not based on any 
standard material. Nor were there in existence many standard terms for 
recording observations. The results^cre very depressing for, more work 
usually brought in more confusion. But with the formation of I. A. W. A., 
considerable progress has been made ih these two respects. Work of Rendle 
and Clarke (48, 49) has greatly helped all wood anatomists to understand 
what standard material would be necessary to obtain reliable results. On 
the'Other hand, Chalk and Chattaway (2) have added considerably to our 
Imowledge of wood anatoniy by interpreting the size of cells in their forma¬ 
tive stages. Lastly, the committee on nomenclature appointed by the 
A‘ (27)1 ^^ve standari^ed the terms used for describing woods. 

Bas^ on the these works, considerable progress has been made in wood 
anatomy and the results are very encouraging. It can now be said that the 
classification of woody plants is in general agreement with the 
anatomical structure of their woods. There is a great deal of similarity in 
anatomical details of the timbers that belong to a family. In fact, woods of 
some families show so much anatomical likeness that they can be recognised 
withoiit the help of a compotmd microscope, for instance, Anonacese, 
Dipterocarpacest, RMfocese, Sapotacesa, Ebenaceet and Lauraceet. Again, in 
Apocynace^ arid Legi 0 tihos!R, a great majority of the woods show similarity 
^ such an exfelt that it is not so difficult to recognise most of the timbers 
belonginjg to th«e. families. Lastly, there are other families which show a 

anatomical structure. Classification of woods 
T fainilies^ thou^ apparently difficult is hot, actually so; for, often it is 
^ classify th^ under different families by studying their minute 
s^trthre. ; ^ ^ ■ 

tfiifurther grouping in a family, it may be said that eaieric 
,ar^..:mostl^.:^'(^elI defiji^ a ^nife,' different species in a ^^us 
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show more or less a homogeneous structure. This does not, however, mean 
that the characters used for separating diiferent genera are the same in every 
family. Certain characters or combination of characters may be found 
useful for distinguishing the genera within one family but those very charac¬ 
ters may not be useful in another family. An analysis of all the characters 
is usually necessary before an attempt can be made to separate the genera. 
Here, it may be pointed out that some overlapping of generic characters 
is not unknown to the anatomists, such as can be found in Dalbergia and 
Pterocarpus of Leguminoss^ and Terminalia and Anogeisstis of Combre- 
tace2t and in others. But this does not offer much difficulty for classification, 
provided the limit of overlapping is clearly understood. 

We now come to the species. It must be said at the outset that our 
knowledge of the anatomy of taxonomist’s species is very limited. Differen¬ 
tiation of the species is at present possible only in exceptional cases sudi as, 
when there are a few species in a genus, or when a species constantly shows 
a line of specialization not present in the other species of the same genus. 
In the genera with a large number of species, it is not possible to separate 
all of tiiem. What can, however, be done sometime is to lump different 
species into 2-3 groups within a genus, for instances, Shorca, Morus^ Quercus 
and Pinus. It will be realized that the characters which can be used at this 
stage of classification are usually of minor nature. The size and frequency 
of these characters are the only bases that can ibe used profitably. Attempts 
(48, 49),to find out the significance of anatomical variation within a species 
have also been made. Statistically analysed data give us something to work 
with but the method devised is not yet perfect. At present different charac¬ 
ters or criteria can be analysed singly and their significance determined. But 
in a case where half the number of characters shows significance and llie 
other half does not, no definite conclusion can be drawn. In order, to 
meet the special requirement , of the wood anatomists, the statisticians will 
have to evolve some formulae. I, therefore, take this opportunity to appeal 
to them to give us help immediately, otherwise w^e cannot make furthe^ 
progress in our understanding of species. Below the rank of species little 
anatomical work has been done. Usually varieties and hybrids (4, 39). have 
very similar anatomical structure and at the present state of our knowledge 
in wood anatomy, observations made on these woods are not possible to be 
used profitably for classification. 

So far I have given you some idea of the classification of wood vis-a-vis 
classification by the taxonomists. Now I intend to tell you something about 
the characters or criteria that are used for the classification of woods. As 
a rule, all macroscopic and microscopic anatomy of a wood is taken into. 
consideration for its final classification. In selecting these characters, anato¬ 
mists have to judge what characters are variable and what are not variablej^ 
This is a difficult problem and can be solved only with long experiepo^, ^ 4 ; 
observation. The present list of characters under these two he^a i 
naturally tentative. As a result of further resear(;h, some of ; 

ters may have to be shifted from their present position and some n^w'.c^^a^ 
ters are likely to be added to the lists. : . (r,,; 

. Amongst the constant or non-plastic characters, resin 
oil cells and included-phloefn, are visible on the end 
Resin canals and gum ducts ate known to develop noraa^li' to! 
while in others as a result of some injury. Ajthqt^h Jfc 
to distinguish them by their distribution, yet 
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and the traumatic is not clearly understood at present. The presence or 
absence of resin canals and gum ducts, however, gives indications of relation¬ 
ship to certain families and genera and is, therefore, used witli caution for 
general classification. Now, the vertical oil cells are characteristics of certain 
families such as Lauracet-^ and Rutaces^, while the horizontal oil cells are 
also found in certain genera e.g,, Magnolia and others. Qcctirrence of in¬ 
cluded phloem has been recorded in certain genera and species, and this 
character being rare in woody dicotyledons, is often used wilh advantage 
for the classification of timber. Moreover, vessel distributions known as 
pore chain and pore cluster are conservative characters of certain families 
and genera, e,g., Calophyllum, Mesm, Morus etc., and can, therefore, be used 
with advantage for speedy classification of these woods. 

The remaining constant characters arc visible only on th<,‘ longitudinal 
surface of the wood. These are, perforation plates of vessels, spiral thicken¬ 
ings in pores, pits and rays. The simple perforation plate is found in the 
majority of the porous woods, while a few are known to have scalariform, 
reticulate and ephedroid types of plate. The occun'cnce of the latter types 
is, therefore, of great help in general classification. Spiral thickenings of 
vessels are not common features of secondary wood. Their occurence 
is, therefore, of considerable help in making a speedy grouping timbers. 

The nature of pits, their size, shape and distribution have so far proved 
to give a reliable clue to the iamilies and genera. But inenlioii here must 
be made of the careful laboratory technique that is necessary to obtain 
useful data on this character. Bad technique in the preparation of micros¬ 
cope slide may give a wrong view of the real nature of the pits arid ultimately 
bring in confusion in the systematic classification of woods. 

It is well known that the rays vary to a great extent in their height and 
width depending on the part of the tree they occur. It is also known that 
the rays placed adjacent to vessels and parenchyma cells show considerable 
’i^riation in their size and shape. But when the rays are embedded in fibrous 
tissue,, they seem to show a constancy in their shape and also in the shape of 
the component cells they are made up of. In fact, the shape and arrange¬ 
ment of the component cells of this particular type of rays seldom seem to^ 
vary within a genus. This character I have used for many years and found 
very helpful for the classification of woods. Lastly, the ripple marks formed 
by the rays are not less important for quick classification of timbers of 
broad-leaved trees. 

Now, the variable or plastic characters are the distribution of vessels, 
tracheids, fibres and parenchyma cells that can be seen on the end surface 
of the wood. Based on the. size and distribution of the vessels within a 
growth ring, woods have been classified as ring-porous and diffuse-porous. 
As a rule, ring-porous timbers are only a few in number in comparison with 
the diffuse-porous timbers and even these few ring-porous timbers are mostly 
confined to the temperate region. Rigour of growth condition prevalent in 
t^perate countries, has been said to be responsible for the formation of 
nng-porous woods. In fact, Huber (36) has proved it to be so by his 
researches. He has found out that the rate of conduction of sap in the 
n^7porous trees is, on the average, 10 times as fast as that found in the 
diffuse-porous trees. All these mean that ring-porosity is the result of 
environmental conditions prevalent in certain localities. In this .connection 
our (t8) observations in India are of some interest. We have found out a 
remai^bjd va;riation in the pore-zone of some ring-porous trees of tropical 
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India. Here, there are some trees which are sometime ring-porous, some¬ 
time semi-ring-porous and sometime even diffuse-porous. In spite of so 
much variation in this character, I have foimd it to be of considerable help 
in the classification of woods, because of the fact that the limits of its varia¬ 
tion are now well ui^.derstood. 

There is a great deal of variation in the size, shape and the wall-thickness 
of tracheids and fibres within a family, a genus, a species and even in the 
different parts of the same trees. But nevertheless, the characteristic pits 
on the wall of tracheids and rays of conifers give a reliable clue to different' 
genera. Moreover, tlie presence of tracheids in . the dicotyledonous woods 
is a helpful character fur classification. Septate fibre, though once consi¬ 
dered to be a constant character, does no longer appear to be so. Frequency 
of its occurrence in certain families and genera requires further clarification 
before it can be reliably used for classification. Mucilaginous fibre because 
of its erratic development appears to have no significance for grouping of 
woods. 

The classification of parenchyma cells is at present far from perfect. 
In fact, the different terms suggested by the “committee on nomenclature'* 
(27) leave much to be desired. For example, the classification of the terms 
paratracheal and metatracheal though theoretically simple to understand, yet 
in practice is often very difficult to apply. For, it is not quite clear what the 
limits of their variation are and when one type merges into another. Careful 
and painstaking observations will be required to unravel the complicated dis¬ 
tribution of these two types of parenchyma cells. Some suggestions have, 
however, been recently put forward on the possible classification, of a sub¬ 
group of metatracheal or apotracheal parenchyma (20). But this is only 
a beginning. Co-operation of many workers will be necessary to handle an 
enormous problem like tliis. As far as terminal parenchyma cells are con¬ 
cerned, they are not difficult to determine and classify. Careful observation 
and strict adlierence to nomenclature is likely to remo\'e all confusion (6). 
Lastly, the initial type since its discovery in 1934 (5) has been worked out 
in considerable detail and may be summarized here. When a wood is ring- 
porous, the initial parenchyma cells fill up, at least, the inner side of the 
pore-zone, if not the whole of it, e.g.^ Morus alba Linn., Uhnus wallicKicma 
Planchou, and Qiiercus serrata Thunb. And. when the timbers are semi¬ 
ring-porous, initial parenchyma cells confine themselves to a row or two on 
the inner side of the growth ring, e.g., Cedrela toona Roxb., Juglans regia 
Linn., Diospyros virginiana L. and Lagcrsirocmia flos-regin^ Retz. The 
initial parenchyma is also found in some diffuse-porous wroods e,g,, Termi- 
nalia tonientosa W. & A. (5, 6), Dalbergia sisso Roxb. (8), Salix matsu- 
dana Koidz. (3) and Entandrophragnia macrophyHum A. Chev. (37). The 
relation between initial parenchyma and ring-porosity lias been fully dis¬ 
cussed in the study of Gmelina arborea Linn. (18). We have, therefore, 
now a complete picture of the possible variation that is found in the initial 
parenchyma cells. 

The anatomical characters enumerated above though in some cases not 
clearly understood at present yet all of them taken together lead the 
anatomists to family and genus and even occasionally to species. In prac¬ 
tice, it has been possible at Dehra Dun to trace some timbers from unknown 
countries to their families and genera. When the countries of supposed 
origin were referred to, our classification was found to be correct. I have 
no doubt that there are many other wood anatomy laboratories, which are 
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doing similar type of work. All tliis can be done, because every anatomist, 
based on his experience, has got some idea of the variation he is likely to 
come across in plastic characters. At present the extreme limit of variation 
in all plastic characters is not Imown and it is here that our main line of 
research activities should lie. Due to obvious dijfficulties in obtaining wood 
samples of a genus or a species from throughout its distribution, work on 
this line by anatomists has been rather limited. To me it seems that the days 
of general survey of family or families are now over. Intensive study of 
a genus or a species throughout its distribution is likely to give us a clear 
and complete idea of the variation in plastic characters and thus ultimately 
make classification more easy than it is to-day. 

Lastly, I come to the classification of wood in relation to phylogeny. 
Jeffrey was one of the pioneers to make a phylogenetic study of woods. He 
advanced some hypotheses on the lines prevalent amongst the biologists of 
his time (38). Ilie validity of those hypotheses has, however, been ques¬ 
tioned by some subsequent workers. On the other hand, Bailey and Tupper 
(i) studied the length of tracheary elements in Cryptogams, Gymnosperms 
jand Angiosperms, and established the fact that reduction in the length is an 
index of their * specialization. This work was followed by Frost (31, 32, 
33) j who established further lines of specialization in various minute charac¬ 
ters of the tracheary elements. These investigations have proved how the 
anatomists, without any pre-conccived ideas about evolution formulated by 
taxonomist, can produce reliable evidence regarding the line of specialization 
in the different groups of the Angiosperms. But the result of such an im¬ 
portant research can be mis-understood and mis-interpreted, For instance, 
Kribs (40,41), Tippo (52) and others have investigated the lines of special¬ 
ization in wood elements other than those of tracheal origin, taking it for 
granted that all the elements of wood follow the same lines of specialization. 
It is difficult to appreciate tlie usefulness of such investigations, which raise 
controversial points like linear, divergent and convergent lines of evolution. 
Turrill (53) in his excellent survey on “Taxonomy and Phylogeny’^ has 
shown the exact position of our knowledge on this very complicated subject. 
To my mind, anatomists' attempt at phylogeny at this stage is a bit too early. 
Data collected for the last five decades leave many gaps in our knowledge 
in wood anatomy, and to give a phylogenetic interpretation to this incomplete 
knowledge of ours is at present hardly justified. 

II. APPLIED WOOD ANATOMY 

So far I have spoken of pure wood anatomy and now 1 shall try and 
give you some idea of how this fundamental knowledge has been or is being 
used for national development. Strange though it may seem it is a 
fact that the two world wars have been greatly responsible for the speedy 
advancement in applied wood anatomy. The reason is that, during a war, 
when a country has restricted communication with the outside world, efficient 
and economic use of its raw material becomes imperative. It is only then 
that the fighting forces approach the wood anatomists for advice as to how 
they can make the best use of the timber resources that are available in the 
country. 

Three main steps are usually talcen during a war. Firstly, restriction 
is put on the use of important timbers which have limited supply. It is 
only by this means that a country can obtain the maximum service from its 
total timber resources. In India, during the last war indiscriminate use of leak 
{Tectona grandis Linn, f.) and walnut {Juglans regia Linn.) was stopped 
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and they were used only for the purposes for which no other timber would 
have served. Secondly, new or commercially unknown timbers are brought 
into the market. This raises some difficulties, for very little information on 
the physical properties and working qualities of these new timbers is usually 
available. But at this stage wood anatomists with the knowledge of anatomi¬ 
cal structure can be of considerable help in roughly classifying these timbers 
for different uses (21). Thirdly, an attempt is made to find out substitutes 
for imported timbers. Here the anatomists have to look for those very 
anatomical characters of woods, which are responsible for their suitability 
for specific purposes. In India considerable work was done during the last 
war. To cite a few cases, Indian spruce (Picea morinda Link) and silver 
fir {Abies pindrow Spach) were found to be as good as sitka spruce {Picea 
sitchensis Carr.) of U.S.A. and Canada for making aircrafts (24). Indian 
red cutch {Acacia stmdra D. C.) proved to be a good substitute for Lignum 
vitae {Gtiaiacimi officinale Linn.) of South America, used for propeller tail 
shaft bearing of ship (14, 16). Anogeissus sp. gave a good service as helves 
and tool handles for wffiich imported ash {Fraxinus sp.) and hickory {Flicoria 
sp.) were used before the war. Vateria indica Linn, proved to be an excell¬ 
ent substitute for imported oars for sea-going boats. 

Specific Gravity, Physical Properties and Anatomical Structure of Timber. 

Of all the physical properties of wood, its density or its weight per 
cubic foot, at a certain moisture content, has been found to be the best indica¬ 
tor of its various qualities. We all know that a light wood is weak and heavy 
wood is strong. This is because the cell-wall material in a unit volume of 
light weight wood is much less than that can be found in a similar volume 
of heavy wood. A great mass naturally resists external forces much more 
than a small mass. Moreover, there is variation not only in the weight of 
different timbers but also in the timber from different parts of the same tree. 
Wood from the root is the lightest; tlien comes the main bole and the heaviest 
of all is the branch wood (29, 30)* There are physiological and mechanical 
reasons for this. 

Another point of considerable importance from practical point of view 
is that the wood produced in the main bole during the early life of a tree 
is usually of different structure from that formed later in life. As a rule, 
the 'juvenile wood’ is thin walled and lighter and weaker than the mature 
wood. That is why the specifications for certain important uses restrict the 
use of wood from the centre of the log and near about it. 

Again, the weight of wood varies along with variation Mn the rate of 
growth. Of the three groups of timbers recognised by the wood anatomists, 
5 ie non-porous and the ring-porous woods have shown some definite correla¬ 
tion with the rate of growth. In these timbers there are usually two definite 
layers within a growth ring, called earlywood and latewood. As a rule,'the 
earlywood is lighter in weight and weaker in strength than the latewood. It 
will, therefore, be seen that the quantity of earlywood and latewood present 
in a unit volume of non-porous and ring-porous wood, will ultimately deter¬ 
mine whether it is going to be weak or strong. 

It has been known for a long time that slow grown non-porous woods 
are usually strong. The reason for this has been found to be that the volume 
of latewood, in this group of timbers, remains more or less constant irres¬ 
pective of the width of the ring. The more is the number of growth rings 
per inch, the higher is the percentage of latewood and the stronger is the 
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timber. But experience has also shown that this is not always true. Some 
slow grown non-porous timbers are unexpectedly weak. Anatomical inves¬ 
tigation of these timbers has revealed that the volume of latewood remains 
only constant upto a certain number of rings per inch and beyond that its 
volume also reduces along with the reduction in the width of the ring (Plate 1 , 
A, B & C). In Indian spruce ,morhida J..ink.) we. have found out 
that the strongest timber is produced when the rings vary from y-i 6 per inch 
and that the spruce wood with less than 7 and more than 16 rings is usually 
weak. 
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In the ring-porous limber, it is just the other way. The faster is the 
growth, the stronger is the timber. In this case, the volume of earlywood 
remains more or less constant irrespective of the width of the ring (Plate 
II, A, B & C). But once again we find that too fast grown ring-porbus 
timbers are also weak. This is due to the fact that the cell wall of the 
latewood then becomes unusually thin at places and consequently the timber 
turns out weak (Plate III, A, B, C & D). In the ring-porous wood of 
teak (Tcctona grandis Linn, f.), the strongest timber has so far been found 
to be with growth rings varying from 4-12 per inch. It is doubtful whether 
teak wood with less tlian 4 rings per inch will serve any purpose for which 
strength is considerscd to be the main criterion. On the other hand, it is a 
common experience that extremely slow grown teak plank will break under 
the pressure of fingers like a piece of biscuit, 
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Now, in the third group of wood, namely diffuse-porous, the rate of 
growth may or may not have any relation with its strength. The growth 
rings are not always present in than nor can the earlywood and latewood 
be easily distinguished. In these circumstances, the weighty of the wood and 
consequently its strength arc determined by the size and clistriI)ution of the 
pores, thickness of the fibre-walls and the. amount of parenchyma cells and 
rays that are present in a unit volume. 

In summing up for all the three groups it may be said that too fast and 
too slow grown timbers are likely to be weak. The strongest timber is pi-o- 
duced when the rate of growth is medium. Researches carried out so far 
have shown that each timber species reacts differently and produces timber 
of high strength at different rate of growth. It has, therefore, become necess¬ 
ary to investigate each different timber species and find out the rate of growth 
at which it will produce a strong timber. 

Results of this research have enabled us not only to utilize efficiently 
the existing timber stock of our country but they have also shown us the way 
to produce the required quality of timber in our forest. For, it is now known 
that some control on the rate of growth of different timber trees is possible 
by proper management of forest. Considerable work on this problem has 
been done in U.S.A. (42) and a profitable line of co-operation between 
forestry and industry has begun. 

I must now refer to some exceptions to the above rules. First of all 
let me consider the 'Compression wood’ which is found in coniferous trees. 
The ‘Compression wood’ which is formed on the lower side, of the 
leaning tree or a branch, may be as much as 40% heavier than the normal 
wood but is usually weaker in strength. Besides this, the 'Compres¬ 
sion wood’ is liable to higher longitudinal shrinkage than the nonnal wood 
and is, therefore, a source of trouble like twist and warp in converted timber. 
Intensive research by Pillow and others (44) has also brought out some more 
minute characteristics of the ‘Compression wood’ and it is now known that 
in contrast with the normal wood, the ‘Compression wood’ tracheids arc short 
in length and circular in cross section with characteristic inter-cellular spaces. 
Chemically lignin content of ‘Compression wood’ is higher than that of the 
normal wood. Moreover, it is now possible for us, in many cases, to detect 
this type of defect m timber in ffie field and this is decidedly a step forward 
towards efficient utilization of timbers. 

Somewhat similar type of formation takes place in the broadleaved tree 
and IS known as ‘tension wood’. As the name implies, the abnormal wood 
IS confined to the upper side of the crooked branch or stem. The growth 
rings frequently show eccentricity with wider rings on the upper side. 
Microscopic examination has shown that fibres in the ‘tension wood’ often 
have gelatinous secondary wall. Physically ‘tension wood’ behaves different- 
ly from the normal wood as regards strength and seasoning properties (25, 
20) and is, therefore, classified as a defect by the wood using industries. 

.1*^ addition to these, the weight of wood may sometimes increase 
without corresponding increase in its strength. This happens when 
t e exti^eous deposits are unusually heavy. The explanation is quite simple. 
1 hese deposits are lodged in different cell cavities and increase the weight 
of wood but the cell-wall material in a unit of volume remains unaltered 
and, therefore, there is no proportionate increase in the strength of the timber. 
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Amongst Indian timbers, teak {Tectona grandis Linn, f.) from some localities 
often shows this defect 


Water in Relation to Wood. 

In commerce and industry wood is rarely used in green condition. The 
old practice is to let the wood dry under normal atmospheric conditions and 
this is naturally a slow process. For quick drying an artificially controlled 
chamber called seasoning-kihi is used. By either method moisture content 
can be brought down considerably, and often to a desired level. The behavi¬ 
our of wood during the 'pi'ocess of drying or seasoning depends to a great 
extent on its anatomical structure. As a rule, heavy timbers dry more slowly 
than light timbers. After timber has been seasoned and the moisture content 
has been brought down to the desired level, it is prone to absorb a certain 
quantity of moisture from the atmosphere in rainy season. At that time 
light timbers absorb moisture more rapidly than heavy timbers. Also the 
maximum moisture content of light timbers at a particular humidity is higher 
than that of the heavy timbers. All these are due to the difference in the cell 
wall material that is present in a unit volume of light and heavy timbers. 
Then i:here are some exceptions to this general rule. Amongst the timbers 
of same density some are easy to dry, e.g., haldu {Adina cord^olia Hook, f.) 
and kuthan {Hyjnenodictyon excelsum Wall.) while others dry very 
slowly, e.g.y ganiari (Gmelina ai'borea Linn.) and jhingan {Lannea grandis 
Engl.). Again, amongst slow drying timbers of same density some are 
liable to cracking, c,g., bishopwood (Bischofia javanica Blume) and others 
form moisture pockets and lose shape, e.g., gurjan {Dipierocarpus sp.) and 
Bridelia retusa Sprang. It is often possible to give an anatomical explana¬ 
tion for this exceptional behaviour of wood but not always. At present 
our knowledge of the seasoning properties of different tissues of wood is 
far from complete. There is still a great scope for research on this line and 
time might not be very far off when by studying the anatomical structure of 
wood it would be possible to predict its seasoning properties. 

Water in tlie form of chemical solution also plays an important part in 
the industries which use wood as a raw material. In paper and rayon mills 
as well as in wood preservative plants, penetration of chemical liquid is a 
problem of considerable importance. But our knowledge of this subject is 
very limited. Except for the fact that a liquid penetrates quickest along the 
longitudinal direction of a cell, we know almost nothing more. Here is a 
line of co-operative research for the chemists, physicists and plant anatomists 
to be- taken up, A successful completion of this research, 1 am sure, will 
considerably help efficient running of many industries. 

Resin and Gum Tapping. 

That some forest trees produce gum and resin, if an incision is made 
on their main stems^ and branches, was known to our forefathers. The 
methods at first applied by them for obtaining these products were varied, 
and often crude and destructive. With experience, they gradually came to 
know the type of incision which would give some good results. But to 
find out the best method of tapping, one must have a clear idea of the cells 
and tissues which are actually responsible for gum and resin production. 
Here plant anatomists can be of considerable help. By studying the plants 
from seedling to mature stage they may be able to devise suitable methods for 
collecting these products* 
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Some of the resin and gum producing trees have normal resin canals 
and gum duels in their wood, while others produce these special cells as a 
result of some wound on their stem. Moreover, in the first group, when a 
wound is made the number of gum ducts or resin canals is likely to increase^ 
per unit volume. The part played by the cambtal cells in enhancing the 
production of gums and resins must not also be overlooked. Exposing the 
bark, cambium and wood for the production of gum would, Iherefore, appear 
to be a necessary operation. 

In India only a few trees arc regularly tapped for resin and gum. Chir 
(Pinus longifolia Roxb.) in the North is well known for its resin production, 
and it is being tapped in such an efficient manner as to supply raw material 
for three factories now in existence. Next comes tlie karar (Slerculia 
iircns Roxb.) growing in somewhat rocky and arid zones of Indian peninsula. 
The method of collecting gum from this tree is not yet well staiadardized 
but sufficient research has been done to stop the present destructive method 
and to suggest methods which will not upset the normal physiology of the 
tree. In addition to these, there, arc many others, such as Acacia Senegal 
Willd, Ailanthns excelsa Roxb., Pterocarpus niarsitpimn Roxl)., Vateria 
indica Linn., Canarmm sp. and Shorea sp. which are tapped for gums that 
are used locally. The methods of collection of gum from these trees are 
varied and are not in all cases based on the knowledge of their internal 
anatomy. There is, therefore, considerable room for research and improve¬ 
ment on their present method of tapping. 

Idcnllficaiion of Wood. 

The first step towards efficient utilization of the limber resources of a 
country, is to be able to identify the various timbers. After a timber has 
been identified, the user is in a position to decide whether it will serve the 
purpose for which he is going to use it. After all we know that all timbers 
are not similar nor can any one limber usefully serve for all purposes. 
Some timbers are good for helves and hammer handles, while others will 
do well for light fuimiture. There are .still others which will give good 
service in house building. Such being the case, the importance of identifying 
timbers before they are actually used, cannot be over emphasised. This is 
especially so in a country like India, where we have got a very large number 
of timber species, many of which are available only in small quantities. As 
a result, there is a tendency not only to introduce new timbers into the market 
but also to pass on cheap timbers of poor quality under the names of better 
class timbers of proved reputation. I can cite imiumeral)le cases of timber 
having been sold under false names. One example 1 .still remember though 
it happened many years ago, because it was done cleverly and deliberately. 
A timber merchant sold to the Royal ICngineers some sa]j wood of leak 
(Teciona grandis Linn, f.) under the name of hi‘artwood of deodar {Cedrus 
dcodara Loudon). These timbers undoubtedly have somewhat similar look 
and the timber merchant took advtuitage of it. But the sapwood of teak 
is easily perishable while the heartwood of deodar has a reputation for its 
durability. The timber bought by the Royal Engineers was utilized for 
making some boats which were used only on special occasions. After the 
boats had been used twice, they found put that there was something wi*ong 
and brought the case to our notice. But it was then too late for us to give 
any help and the boats had to be declared unserviceable and thrown away. 
During the last war, constnfclional woi'ks woilh over a crore of rupees came 
to disaster due to the use of cheap and bad quality timber in the place of 
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good quality and reputable timbers specified in the contracts. To cite only 
2 cases, I may mention here about the collapse of hospitals at Karachi and 
of air-raid shelters near Calcutta. 

During the World War II, the Supply and Defence Departments of 
Government of India realized that the identification of timbers that they 
were handling was of considerable importance for efficiently conducting 
the war. Some 350 officers and others from these departments were sent 
to Dehra Dim to undergo a short course of training in the field identification 
of timbers. Some of these men on return to their departments trained others 
to carry out the work efficiently. Various guide books (10, ii, 12, 13, 15, 
17, 22, 35) were also prepared by the Forest Research Institute to give help 
to these trained men. I think, I have now given you enough examples to 
show the usefulness of identification of timbers during peace and war. 

In addition to the financial aspect of wood identification, there is a cultural 
aspect, for example the study of fossil woods. To know what trees were 
growing million years ago and if they are still in existence anywhere in this 
earth of ours is a piece of interesting information. The change of tree 
vegetation along with the change of climate interests many plant ecologists. 
The effect of the climatic changes on the anatomical structure of woody trees 
interests many anatomists and evolutionists. Lastly, the identification of 
fossil woods often helps the geologists in determining the strata of the 
deposit he is studying. 

There is also another cultural aspect which has hardly been explored to 
its fullest capacity, namely the study of archceological wood. Archaeological 
■excavations uncover many wooden articles, which were used by our ancestors. 
Some of these may give us an idea of the climatic condition and vegetation 
prevalent at that time (28, 50), while others may indicate the commercial 
connection that those people maintained with the outside countries, botli far 
and near. Lastly, the various wooden articles excavated give us an idLea 
of the knowledge those ancestors of ours had of timber utilization (19). 

To me it seems that an ancient countiy^ like India, with so many old 
monuments preser^^ed, offers a great opportunity to our wood technicians. 
They can study the present condition of the timbers that were used for struc¬ 
tural purposes. It is true that a complete record of their past history is 
not available in many cases and we cannot possibly draw definite conclusions. 
But based on whether these timbers have been used in an exposed or a pro¬ 
tected position and how far the deterioration has progressed, we should be 
able to collect some valuable information, which could be intelligently used 
for drawing up plans for our future experiment and research. 

In summing up T may point out that there is still a vast field of research 
in pure wood anatomy that remains unexplored. It is extremely doubtful 
whether the small band of wood anatomists now engaged in different parts 
of the world, will be able to finish all these problems within a reasonable 
time. Co-operation of the botanists working in universities will greatly ex¬ 
pedite this work and I hope that they will now take a little more interest in 
wood anatomy than they have been doing so far. On the other hand, 
whatever little knowledge we have in pure wood anatomy, is not being fully 
utilized for practical purposes. I appeal to those who are responsible for 
our national development to put the wood-using industries on a sound 
foundation. Firstly, it is essential to know what timbers are suitable for 
different industries and then to use , only those very timbers and no others. 
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Secondly, it is necessary to classify each timber into dififerent grades based 
on its anatomical structure. After all it is not possible for any wood using 
industry to produce standard finished articles until and unless it uses stan¬ 
dard raw materials. 
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EXPLANATION OF PLATES 
Plate I. 

Spruce, Picca vtoi inda Link. 

(X20) 

A. Fast grown B Medium grown C. Slow grown. 


A. Fast grown 


Plate IT. 

Teak, Tectona grandis Linn. f. 

(X 20) 

B. Medium grown C. Slow grown. 


Teak, Tectona 
A. Fast grown (X 5) 

C. Fast grown (X 200) 


grandis Linn, f. 

B. Slow grown 
D. Slow grown 


(X S)- 
CX 200 ). 



SECTION OF ZOOLOGY AND ENTOMOLOGY 

Pebsidbntt : Paop. A. B. Mcsea, d.sc. (Lucknow), d. Phil. (Oxon.), B-Z.-s., 

B.R.B.S. 


SEXUAL PERIODICITY IN BIRDS WITH SPECIAL 
REFERENCE TO INDIA. 

{Delh'Prfld on Janiwry 7, 194S) 

t 

Birds have been the olijoct of consideral)lc attention at the liands of tlie 
ornithologists in India. The first work of importance was published in 1862 , 
This was followed by otlicr studies I\y Hnine, Blandford, Oates, Ward, 
Donald, Osmaston, Magrath, Jones, Whistler, Kinnery, D’Abrean, iStuart-^ 
Baker, Stevans, Law and Salim Ali. Most of these studies were of a taxa- 
nomic character, or of the nature of field notes on bird life. It must, however, 
be acknowledged tliat tliese w’orks laid the foundation of ornithological 
studies in India. 

An idea of the wealth of the Indian avifauna may be formed from the 
fact that Indo-biirmese sx)ecios and sub-species number 2,346 in contrast 
to the 3 , 19.8 species and sub-species that have been reported from the Palae- 
arctic region or the 4,561 species and sub-species from the Ethiopian 
region. 

It is well known that animals generally have, a more or less, definite 
breeding season (or seasons) in the year. The factors which regulate this 
annual recurrence vary from group to group, and, not uiioften, from species 
to species. The more intimately we know a particular group of animals, 
the more easily do we discover that imperceptible differences exist among 
them. The reproductive cycle in animals is induced and regulated by several 
factors and conditions of life, besides an inherent reproductive rhythm the 
exact nature of which is hard to define. 

A groat deal of attention ha-s been paid to this problem in recent years, 
and it has been attacked in different ways by different investigators. Even 
a cursory review of the recent literature shows that during the last 25 years 
a great deal of knowledge has accumulated on this subject which may profit¬ 
ably be summarized here. 

During the past twelve years or more, some attention has been paid to this 
comi^lex problem by me and my pupils in the Zoological Laboratory of the 
Benares Hindu University and we have investigated nearly twelve species 
of Indian birds in an effort to understand this problem. 

The Eeproductive Cycle oe Indian Bibds 

The reproductive cycles of birds have been studied by a number of 
investigators in Europe and America, and the cyclical changes occurring 
in the testes of birds have been studied by them. An attempt has also been 
made by them to determine experimentally the factors governing the annuel 
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recurrence of the changes in the a vain gonad and in the secondary sexual 
characters . In India, however, this subject did not receive any attention 
worth mentioning till 1934 . 

An excellent historical resume of tlic subject is given by Bissonnotto, 
Eowan, Marshall and Moore, and, therefore, no attempt will be made by mo 
here to recapitulate well-known facts. Suffice it to say tliat the work done 
in I'ecent years has brought about a complete change in our outlook on this 
subject. From the accumulated data wo know that cyclical changers ocean* 
in the volume of the testes every year, whidi are accompanied by marked 
histological changes, that light plays an important part as an activator oC 
these changes, that more than light qua light, muscular exorcise and wake¬ 
fulness are additional factors which play a ]>art in the recurrence of tlio sexual 
cycle , that exterial factors like temperature, food, rain, etc. also matter in 
the process and that some of the secondary sex characters (the idumage and 
the beak colour) and behaviour are controlled by liormoncs released from the 
gonad or the hypophysis, or both. 

Most of the work on this subject has been done in England, America 
and Canada, that is, in temperate countries viiicli arc situated geographically 
very differently from India. The studies which have been in i)rogrcHs in the* 
Zoological Laboratory of the BenarCvS Hindu University since K )34 have 
yielded results which challenge the validity of some of the accciptod views 
and caution us about their general ap])licabilil-y to all speeios of birds living 
in different climes. 

Gross Changes in the testis and the ovaev of Indian Birds 

The testis is bounded externally by the tunica albuginea wiiliiii wlii(*h 
are contained the seminiferous tubules, each separated from the otluH* by the 
t^ca propria, interstitial colls, blood cells and pigment. The timica albu¬ 
ginea varies in the degree of its thickness at diffenut times of the year. 
Ordinarily it is made up of connective tissue with the nuclei scattered Ju‘*r(‘* 
and there. The limiting walls of the connective tissue (‘oils are too attenuated 
tp be clearly discernible everywhere. 

January the testes of Mynah {Acridoiheris tristis), for example, are 
considerably reduced in size. In February they begin to enlarge and 
continue to do so till June, when the testes are enlarged to the maximum 
extent. After June, the testes begin to dwindle in size and early in November 
the testes become reduced to a small size growing smaller still in Docembor. 

female bird the ovary and the oviduct show signs of enlargement in 
the beguming of April and the surface of the ovary shows slight spherical 
prominences at this time. Towards the middle of May the oviduct begins 
to mcrease rapidly m length and by the end of this month its maximum 

IS attained. In June even eggs may be found in one or the other 
part 01 oviduct. There is, therefore, a noticeable correspondence 
between the progressive and the regressive cycles of the gonadsS in the two 
sexes. 

Miorosoopioal changes in the Testis 

Early in February the intertubular spaces begin to shrink and the tubules 
^ mameter. At this stage the spermatogenic cells of the tubules, 
s ui m the restmg stages as shown by the condition of their nuclei, lie beneath 
e imeae propria. In some of the tubules relatively bigger cells may 
sometimes be found in the centre of the tubules. A little of pigment 
may also occur m the mter-tubular spaces. The tunica albuginea similar 
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to what it is in the month of January, but its inner portion, the tunica 
vaseulosa, is more richly vascularized at this time of the year. 

In the latter pai-t of February, the tubules increase furthermore in dia¬ 
meter, the spermatogeiiic cells grow bigger m size but the tubules only 
incompletely, interstitial ceUs grow bigger in size and eventually some of them 
become glandular in function. The tunica propria becomes well defined and 
distinctly nucleated. The tunica albuginea tends to thm out as a result 
of the distention caused by the enlargement of the tubules and shows fewer 
nuloei in it. Blood corpuscles occur in the intertubular spaces. At this toe 
the interstitial cells suiTound the seminiferous tub^es m large numbers 
and not a few of them gain entry within the tubules through the breaches m 
the covering membrane the tunica propria. In to way the cefii^r content 
of the tubrSes are replenished, the diameter of the tubules enlarges and 
in due course of toe. these new entrants become spermatogemo 
i. A number of effete ceUs are discarded by the semimferous tubules 
^evinced by their necrotic nuclei, which collect m the med^ry portion 
of the tubule! These changes generally occur withm the tubules m the 
month of March, but may sometimes be earned over even m April. 

In April the tubules grow bigger still and contain primary and secontoy 
spermatocytes and spermatids in different stages of development. The 
iSierstitial cells occur mainly in the triang^ar spaces enclosed between 
contiguous tubules, but may be found in all the inter-tubular spaces. 

In May the process of spennateleosis is m full swing and a large number of 
spermatozoa L produced in the tubules and both toca albu^eaand 
tmiica propria are stretched to the fullest extent by the distended tubules. In 
Juno the Seminiferous tubules attain their maxnnum size and are full of 
sw TlS toica albuginea and tunica propna are both extremely to 
S to time of the year , so much so that, at certam places, the latter 
e^iS the form of a thin membrane or only mcompletely covers 

the tubules. This is undoubtedly due to the increase in diameter of the 
tubiies which means strain on the external coverings of the tubules and of 

the testis. 

All the tubules of the testis are not in the same contoon, and, even 
wito to same tubule, different cells are in different stages of jetoato- 
senesis In July the condition of the tubules is, m^re or less, to sarne as 
Er blood corpuscles occurring in the intertubular spaces but mterstol 
S&n - rather uncommon in them. The tubules are no longer compac% 
Med Sh spermatogenic ceUs and ceUular debris and sperms aboimd m to 
lumen Sperms are brmdled together into clumps and he with their tads 
SiTd towards the lumen of the tubule, whilst them heads face towards to 
cE ™the lumen a certain amount of debris derived from the desqua* 
mSto of the ceUs lies. A tendency on the p^t of the spermatogemo 
■SsTo recede to the periphery is noticeable at this stage leavmg a wide 
lumen in the centre of the tubules. 

In August to tide of sexual activity is passed and the seminiferous 
tubules tSen in diameter and contain fewer ceUs m them than in to 
prSing months. The lumen is occupied by granto protoplasm and the 
sStoSf cX lie in two or three layers close to to tumca propna. The 

nSsoftoseceUsisweUdefinedandspherical, anda prommentnucleolus 

.Scemabb: The general picture of the tubules is mdicative of the 
cessation of activity. 
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Once again the intertubular spaceiii widen out and interstitial cells which 
were abundant in the triangular areas lie scattered about unrestrictedly. 

In September the interstitial cells become more numerous and occur 
in the intertubular spaces. Sperms are absent from the tubules and germinal 
cells pass into dormancy. Pigment is absent. In October the tunica al¬ 
buginea shows slight increase in thickness and niiclt'i become discernible 
in it. The seminiferous tubules are zigzag in outline perhaps on accout of 
the diniunition of their contents and of the pressure of tlui surrounding 
interstitial cells. The tunica propria is iudistinct and spcirmatogcnic cells 
are irregularly arranged inside the tubules and appear to l)c in a qiiioscont 
condition. Pigment is still absent. 

In November the testis undergoes lurthcr n^grossion u-nd its histological 
condition is nearly the same as that in October. 

In December the tubules shrink furthennon' in sizv, the condition 
of the tunica albuginea is similar to that in tlio preceding mouth. 'I\mica 
propria is also indistinct and the interstitial colls are found in large numbers. 

The important results obtained by us from the study of the cyclical 
changes in the gonads of nearly twelve species of Indian birds may bo 
summarized as follow :— 

1 . The reproductive cycle of the male bird consists of two phases one 
of wMch is progressive and the other regressive. Iloughly H))eaking tlie pro¬ 
gressive phase begins in January and extends up to Jtmo /tjuly ; the 
regressive phase commences from this time onwards and cuds in December. 
Slight variation of two, throe or four weeks’ time occurs in sonu‘. eases which 
one will do well to remember. 

2 . Almost identical changes occur in the testes of ditforent spoeics of 
Indian birds during the jjrogressivo and the regressive cycles. The suddtui 
appearance of a large number of colls in the tunica vasculosa which make 
their way into the intertubular spaces, and, subsequently, play the role of 
mterstitial cells is a noteworthy feature. The cutxy of some of tlic^se colls 
into the seminiferous tubules to replenish them, the transformation of some 
of these cells into the spermatogaixic cells and the onset of spermatogenesis 
leading to the production of spermatozoa arc some of the i)rincipal events 
that take place Avithin the testes from January/Pobruary to July/August. 
During the regressive phase the seminiferous tubules sluiuk in size, the lumen 
practically disappears, the interstitial cells increase in number in the intertu¬ 
bular spaces, the tunica albuginea becomes thick and fibrous and the sporma- 
togenic cells become dormant, and, lastly, a kind of intra-tubular selective 
elimination of weak and effete cells occurs within the tubules before the 
onset of the next j^rogressive phase. 

3 . When the testes are enlarged to the maximum extent, the tunica 
albugmea become ■=; stretched to the utmost limit and is little more than a thin 
fibrous covering. The inconspicuousness of the nuclei may bo due to the 
excessive attenuation of tlie coniiectivo tissue colls as the result of the 
pressure exerted upon this covering by the soininiforous tubules from witlmi* 

^ large number of nuclei become discernable in the area vasculosa 
although the bounding cell walls are not distinctly visible. 

5 - These cells make their way in large numbers into the intertubular 
spaces and become mixed up with the so called interstitial cells. 

6 . The extent to which the interstitial cells wax and wane in relative 
number in the intertubular spaces during the progressive and the regressive 
cycles is really remarkable. 
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7 . The seminiferous tubules are surrounded by innumerable intersti¬ 
tial and other cells and are besieged by them. 

8 . The tunica propria covering the seminiferous tubules is thin and 
becomes breached at certain points on its wall The interstitial and other 
cells, lying in the intertubular spaces and at the ramparts of the tubules, 
enter inside them through thcvse breaches in the tunica propria, and, 
eventually, become converted into spermatognic cells. 

9 . It is a remarkable fact, but nevertheless true, that somatic cells 
or cells of extraneous origin enter the seminiferous tubules every year in these 
birds and become part and parcel of them. It is, therefore, obvious that tho 
germ cells in the seminiferous tubules of the Indian birds, at least in the 
sx^ecies investigated by us, are replenished ever^^ year with fresh reinforce¬ 
ments of somatic cells (interstitial and other ccll>s). 

10 . Tho tunica pro])ia Is not x)rox)erly defined at all times of the year, 
nor is it equally well differentiated in all species of Indian birds. The 
general rule seems to be that it assumes xu'ominence in the latter half of the 
regressive x^hase when the tubules are in a dormant x^hase. Breaches 
occur in it during tho time of the enlargement of the testis through which 
the interstitial and other cells gain admission into the interior of the 
seminiferous tubules. 

11 . After the rex)lenishment of the seminiferous tubules by these 
cells, a land of intra-tubular selective elimination of cells takes place 
within them, resulting in the casting off of a number of worn out and effete 
colls into the medulla of the tubidos. 

12 . Active spermatogenesis witliin tho tubules leads to the production 
of sx^oimiatozoa, and, finally, to the dexdetion of the cellular contents of the 
seminiferous tubules. 

13 . When the wave of spennatogencsts is passed, the climax of the 
rex^roduotive activity is over, the tubules shrhik in size, the inter-tubular 
sx^acos widen out relatively and the interstitial cells become abundant again. 


Name of tho bird Time of the pro- Time of the climax Time of re¬ 
investigated. gressivo cycle. of the reproduc- gression. 

tive x^hase. 


Milvus migrans Middle of Decem¬ 
ber to January, 

Upupa epops June 

Plocem pMlUppinns January. 

Buhulcus ibis, January 

Tiirdoides terricolor January. 

Dicruriis macrocer- February 

CHS. 

Acridothens trlstis, January' 


February. 

March to No¬ 
vember* 

February to March March to Juno 

August/Sex>tember. 

October to 
December. 

July/August* 

Sex)tember to 
December. 

June/J Illy. 

August to 
December. 

July/August*. 

September to 
January. 

June/July 

August to 
December. 
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Glands of Intejrnal Secketion 


A brief review of the nature and function of the glands of iiitemnl 
sm-etzon, the effects that the sccretioiLs have on the nictabolism o^hf body 
and the pait they play in detennming the personality (physical 
psyebe) of the animals may not be out of place here bocauL as we will'll 
a little later, they also exe,t a sMe mfl.wml upon sexual iaw 

sexiudorgmis aM charaOers, postnral lares, S? 

of amniiJ, Mid li»ye bLn colWtivcl/Jlir.-i,™”*'"".. 

Theglands of internal secretion are the thyroid (ineludh... fl„. 

every individual a constant inetihn)i • i fhero is for 

by i output of t^“* ™ 

aUo atrophy. SimilaX a? ox«.'ss Si 1 
voilently producing seaW exclte^aent and 

This Pituitaky 

It roS; SS'&o““ft W™ ,?TCu!S”« ““ 

Three kinds of ceUs 000 ^^ it Cm Sf? T" “"“r • 

substance has, been isolated. Evans obtained r active 

l)ituitary which influence the sex oraan^ aviH ^hemicals from the anterior 
from the anterior pituitarl «^tract 

and normal functioLig of theTwdfri^^^^^ ^o^y parts 

activity gives rise to acrome "el?^ IS » ^YPOr- 

raities ; from the posterior lob^!^ aJother fet^l f “ ®*'Ja^«onient of the exter- 
as the Ptoitorm Ls been secimed. It rSel lo°n 7 commonly known 
flow of urine from the kidnevs <mfl ^ pressure, inoroascs 

the bladder and the uterus, and control? t7^o ifcontracts 
whfeh its electrical conductivity and otfir ^ ° 7*^ ’^pon 



fhnctioni;7of interferes with the pro^m: 

to th, bmu odls Ld X So S S '’“><*» ao * loL 

Bbou^ changes' even in J^bc^ating upejaes of aniinaie 

in sise as if they were X in a »“«>> look shrunken 

aottvly and inaetivity seems to rape^f£ 4^3^^o“' 



Zoology and Entomology 99 

The Adrenal Gland 

Alike the pituitary, the adrenal also consists of two distinct portions 
united together. In fishes, they arise separately and are independant. 
Each gland consists of a cortical and a medullary portion which ax^e not 
sharply defined as portions of the tissue of one peneterate into the other. 

In the Petrom^^zon tlie two parts are distinctly sei^arate. The cells of 
the cortex are situated in the walls of tlie blood vessels of the kidney, whilst 
the medullary cells accompany the symjxathetic nervous system. In Eep- 
tiles the two come together for the first time and in birds they become inter¬ 
mingled. The cortex produces an internal secretion which produces both 
bodily and sexual mahirity. The acid produced in the blood and in the somatic 
cells is neutralized by the cortin produced by the adrenal cortex. In a way, 
therefore, the secretion of the adrenal cortex acts antagonistiGall3’' to that 
produced by the thj^roid. Tlie medulla of the adrenal produces an internal 
secretion called which raises the blood jxressure and excites the 

nervous system. 

The ThymUvS 

The thjmus lies behind the breast bone and generally covers the great 
vessels arising from the heart. It is a conglomeration of the white cells of the 
blood known as lymphocytes between which occur groups of peculiar^" 
stainmg HassalFs corpuscles. These are believed to be the seats of production 
of the specific hormone of the thymus. 

Hens deprived of th^nnus laj’’ eggs ‘without shells because of the distur¬ 
bance of calcium metabolism in them. More rcoentty, these results have been 
confirmed by Piddle in the case of doves and he has suggested the name 
fhymovidin for the internal secretion of this gland. 

The Pineal 

The pineal gland lies at the base of the brain behhid and above the 
pituitary. It is ixiade up of nerve cells containing a pigment. It possibty 
acts as a brake upon the adrenal cortex. It is commonly held that secretion 
of the pineal inhibits sexual j)recocity and imomotes pre-puberbal growth. 

The Parathyroid 

Sometimes the parathyroids lie embedded within the th\Toid in the 
neck and sometimes they are jilaced directly behind it upon the trachea. 
Removal of the parathyroid produces excitability of the nerves to a marked 
degree. The animal becomes intolei'ant to light and is thrown into convul¬ 
sions the moment a ray of light reaches it. The pamthyroul aho controls 
the amount of lime held in the blood and cells. 

The Testis 

The primary function of the testes undoubtedly was and still is to 
produce germ cells. Later on, it supjilemented this function by producing 
an internal secretion, which acting on the accessory rej)roductive structures 
such as the epididymis, ductus deferens, seminal vesicles, prostrate gland, 
penis and other structures, keep them in a fit condition for the onset of the 
reproductive season. How the new function was acquired by the gonad, 
it is difficult to say. Why the secretions of the thyroid, thymus, jiituitar^^ 
and the adrenal were not sufficient for all purposes is not at all clear to u i3, but 
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the fact remains that the testes have also become the scat of formation 
of a especial hormone. 

As early as 1869, attempts were made to obtain from the testes a substance 
that might restore masculinity. yiuicessfuL lij)oi(l extracts from the fresh 
tostes of the bull enabled McGee hi 1927 to make a beginning towards the 
separation of the active principles of the tostes and from that time onward, 
the developments in this direction have been plumoinonal. 

All androgenic substance was separated from the human male urine 
in 1929 and crystallization of two active eheanical stbstaiic(>s(ttiK/rosY/TOac 
and dehydro-androsterone) from nriiie extracts was reported in .1931-32. 
Attemx^ts were made to produce those substances synthoticjally in the labo¬ 
ratory ill 1934 and preparation of pure chemical testesterone, ditTevont from 
androsteronej was accomplished in 1935 from th.c \iriue. 

These chemical researches have proved the testis to bo a gland ofinternal 
secretion,. It is now firmly established that both testis and ovary prodiie,o 
certain hormones into the body wliich give impetus to a iuiml)er of acc^ossory 
sexual structures and se(*,ondary characters to boconu' funet.ionjd iii th<^ 
breeding season. 


Thtj Ovaey 


Three different liormonos are iirodjicod by tlio ovary. Th(\s(^ arc 
known as FoUicuUn (Oostrin) from the follicular iluicl, Ltilein fi'om the 
corpus luteinn aiKl the third substaiu^e. fro^^^ the iiderstitiaJ cells to which 
no distinctive nanio has yet been given. .B(\si(Ies theses, a secn^tion has also 
been isolated from the placenta in the case of tlu^ .IdacK^ntalia-. 


The endrocrine function of tliti ovary is nocu^ssary for the dcwc^lo])- 
inent and maintenance of the acoc-i-sory genita.l organs ajul ilu^ H(au)ndary 
sex characters ill the fern lie just as androgoiuc subsiau(H'<s are necessary 
in the case of the male. In the noiipvognant mammalian female, 
secretion of the primary ovarian hormone waxes and wanes at rcigular 
intervals, and if ovulation occiu's it is supplemented by a distiiust progesta¬ 
tional hormone. ' These hormones have boon isolated, crystallized and 
sy^fhe.sizod chemically. With the onset of the i>rcguaacy, a 
inodihed endocrine balance, supplemented by the internal secretion 
of the placenta, supervenes. At parturition, when the placenta is discarded, 
another major endocrine adjustment is nooessitated in order to initiate 
lactation. It has been known for a long time that the removal 
01 the ovary affects sexual function and causes atrophy of the accessory 
genital organs and secondary sexual characters includinig the mammary 


I IS now possible to reproduce nearly all the sexual functions, oxcej)t 
egg i^rocluction, by mjecting ovarian honiionos into ovariectoniizcd animals 
thus simulatmg the endocrine function of the ovaries. 

Oestrogen is used as a eolloctivo term for all substances producing 
oestroiis growth in vagina, uterus, mammary glands and the female secon¬ 
dary characters. Chemical substances like estrone from pregnancy miae 
estradcoU from the foffiele of the ovary, equilim and reWe and many other 
commercial preparations are now avaUable in the market. 

^ gonads had a segmental arrangement and extend 
Vfi® greater number ot body segments and the primitive germinal 

dilnmet of evolutionary 

d. lopment, a differentiation took iilace resulting in the formation of the 
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male or the female gonad. The primitive vertebrate female had several 
pairs of segmentally arranged ovaries which produced a large number of eggs. 
These, later on in the course of evolution, became contracted in length and 
the number of eggs produced by them also decreased considerably. The eggs, 
instead of being expelled to the exterior through a genital pore or through a 
simple duct to be fertilized externally, tended to be retained inside the body 
and the mechanism of internal fertilization and of intra-uterine care of 
a few eggs to a late stage of development was evolved. 

It is difficult to say just at what time or stage the ovaries acquired endo¬ 
crine function, but it is known that the oviduct in birds involutes to a mere 
thread-like structure during the non-breeding season. With the approach 
of the breeding season and the growth of eggs in the ovary, this organ 
hypertrophies in preparation for its period of function. The eijithelium lining 
the tube shows much activity and division of cells, and secretion of the 
albumen and of the shell takes place. The latter function is probably 
under the control of the ovaries for estrogen has been extracted from the 
ovaries of birds and the oviduct of fowl has been foimd to react to injected 
estrogen. Since the follicular epithelium is very thin in birds, there is no 
structure in the ovary of birds which can be homologus to the corpus luteum 
of mammals. Consequently i^ost-ovulatory phases of hormonal control of 
the activities of the oviduct probably depend upon the production of 
successive generations of eggs, or it may be that the pituitary of birds 
contains both follicle stimulating and luteinizing factors. 

These glands of internal secretion act independently and also conjointly 
for maintaining the characteristic metabolism of the animal. Separately they 
produce specific effects upon special parts of the body as already indicated, 
but they also constitute a kind of inter-locking directorate with many a 
SStop and Go’ controls. 

Factors Controllinc Reproductive Activity 

Generally speaking there is an alternation of periods of rest and of acti¬ 
vity in animal reproduction. In correlation with this, liormojies are perio¬ 
dically elaborated by the glands of internal secretion and by the gonads 
which, acting on the body of the animal, incite the various acts of reproduc¬ 
tion and set the whole machinery of reproduction into motion. 

Critical Examination of the Factors Involved i \ Sexual 
Periodicity in Birds 

To cut a long story short, it may be said that the hours of sunlight, 
muscular excercise, wakefulness, ultraviolet radiation, and to a lesser extent 
temperature, food, rainfall and humidity are said to be the external factors 
concerned in regiilatiag sexual ]periodicity in bii‘ds. In recent years, the 
endocrine function of the anterior lobe of the pituitary has been emphasized 
in this connection, and a large volume of impressive results have been 
obtained to establish the importance of its role. 

Marshall in his Croonian Lecture before the Ro'yal Society of London 
in 1936 attached much importance to the ''exteroceptive” (external)^ factors. 
Above all these, it has been found necessary to invoke the aid of an 
inherent reproductive rhythm because the external factors, even when all is 
said and done, seem inadequate to explain fully the annual recurrence of the 
reproductive cycle and of other secondary sexual changes in birds. 
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As a result of the work done by us on nearly twelve species of birds 
in the Zoological Laboratory of the Benares Hindu University it has been 
found that, taking as a whole, the birds, from this point of view, fall into 
certain well-defined categories, because all of them do not seem to be governed 
by the same laws. For instance, the peak of reproductive activity of Milvus 
migrans lies between the middle of February and March, that of Acrido- 
theris tristris and Ttvrdoides terricohr between the milddle of June and July, 
and in the case of Dicnirus macrocercus it lies between July and August. 
The same in the case of Bubulcus ibis lies in August, and, lastly, the peak 
in Phceous phillipinus is reached in September. Strikingly enough, Tyto 
alba is at the zenith of its roprocuctive activity in October and Bubo bubo 
in December. It will, therefore, be seen that all species of birds do not breed 
at the same time inthe year, and can, from this point of view, be grouped 
into separate, categories. The question natually arises, Why do some 
species breed at one time of the year and others at another ? What are 
the factors determining the appropriateness of a particular time of the year 
for the breeding of a particular species ? 

A number of environmental factors are said to have a bearing upon the 
phenomenon of sexual periodicity in birds, and we may critically examine 
the evidence at our disposal in order to test the validity of theni. 

Light —^Rowan showed for the first time that light was a factor 
provoking reproductive activity in birds. Bis-sonnetto showed that intensity 
and wave-length as well as the daily ration of light were factors concornod in 
promoting sexual activity. This idea was cohfirmod by Baker and IlauBOiti 
from their work on Microtua and also by Hill and Parkos in the case of ferrets. 

Later it was suggested that it was not light qua liglit that mattered so 
much as hours of sunlight or the daily ration of sunlight which was available 
to the animal. In temperate countries we have extremes of temperature, 
and fickle hours of sunshine. It, therefore, occurred to me that in India 
where sunlight is generally so abundant all the year round, light may not bo 
such a potent factor as in the temperate countries. 

On an average we have at least ten hours of sunlight throughout the year 
in Benares where most of our investigations have been made. From the be¬ 
ginning of April to the beginning of September there are at least 12 hours 
of sunshine ; the maximum of 13 hours being available in July. 

In Tyto alba and Bubo bubo the enlargement of the testes begins in Sep¬ 
tember and in November respectively, when the hours of sunsliine are on the 
decline. 


Name of the bird. 

Climax of testis enlargement 

Hours of sunshine. 

migrans 

Middle of February & March 

11 *25 hours. 

Acfidc^h&ris tristris 

Middle of June and July 

13 '76 hours. 

Ttirdoides tmicolor 

Middle of June and July 

13 *76 hours. 

Dicrurus macroaercua 

July and August 

13 *60 hours. 

Bubuhm ibis 

August 

13 *26 hours. 

Pheeus p\illipinus 

September 

12 *60 hours. 

Tyto alba 

October 

11 *76 hours. 

bubq 

December 

10 *75 hours* 
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All the birds examined by us are non-migrards and were secured from their 
native haunts in this locality so that they receive the same quantum of light. 
Light qua light can be eaa important factor only in countries where there is 
considerable difference between the hours of sunshine during the different 
seasons of the year (winter, spring, summer and autumn), but in a place hke 
Benares the contrast between the seasons is not so sharp as in Canada, 
U.S.A., England or in Central Europe. Therefore, it seems logical to argue 
that hght qua light does not play a very important part in inducing sexual 
activity in Indian birds. 

Ultra-violet radiation —It is held by Marshall, Marshall and Bowden 
and Baker that ultra-violet radiation also induces periodic sexual activity 
in birds and mammals, and that increased artificial dosage may even bring 
about precocious and untimely maturity in them. Whilst the general effect 
of ultraviolet radiation on animal life is universally recognized, yet the 
part played by radiation in provoking seasonal activity in birds was not 
brought into sufficient x^rommence until Bissonnette determined the effect of 
different portions of the sxDectrum of light upon the testes of birds. The 
work of Bissonnette, Benoit, Scott and Pa 3 me, and Marshall and Bowden 
has shown that, even among birds, all wave lenghts of light are not equally 
effective, and that the most effective one probably varies with different 
species of birds. 

Against this view, we have to reckon the findings of Eowan and Biddle 
who found that the reaction of testes to light containing ultraviolet does not 
differ in any essential respect from that induced by light of similar intensity, 
lacking the ultraviolet component. Marshall and Bowden, however, found 
ultraviolet rays effective stimulants in the case of ferrets. It, therefore, 
seems to me that birds and mammals react differently to the ultraviolet 
radiation. The former responding in a lesser measure than the latter, or 
not at all. 

Ghosh’s work on the distribution of ultraviolet intensity in the sun 
light in Calcutta during the year 1931-32 shows that the maximum amount 
of it is available in June and the minimum of it in December. 

A higher quantum of ultraviolet light iS^rly 1/5 of that in June is avail-' 
able in March also. If the graph of the annual distribution of the ultraviolet 
hght in India (Calcutta) were to be superimposed upon the graphs of the 
reproductive cycles of the Indian birds then some sort of a coincidence is 
observed, but the cases of Tyto alba and Bubo bubo stand out as remarkable 
exceptions, proving thereby that at least these birds do not require the 
quantum of ultraviolet hght that m required by other species of birds. The 
other thing that strikes me is that, if increased ultraviolet radiation is a pro¬ 
vocative agent stimulating the gonads into functional enlargement and acti¬ 
vity, the incidence of greater amount of ultraviolet radiation in the sunhght 
ought to precede the period of enlargement in volume of the testis by a 
month or fifteen days. May it, therefore, not be that this coincidence .is 
merely accidental ? 

Temperature—A study of the relevant hterature shows that widely divergent 
views are held in regard to temperature as being an important factor concer¬ 
ned in the phenomenon of sexual periodicity. Rowan mentions that *low 
temperature undoubtedly inhibits breeding even in wild birds and later nest¬ 
ing seasons are a common accompaniment of an inclement spring”. Baker 
has also reported that the black bird, Turdus merula, commences to breed 
earlier in the south of England than in the Scottish counties north of 56^ 
of Latitude. Baker further writes that a general view of breeding seasons' 
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of birds throughout the world suggests that ‘''teuiperaturo and length of the 
day may be the proximate causes in boreal and temperate zones, and rain and 
intensity of illumination within the tropics”. 

Against this we have the opinion of Bissonnetto and Chapnick who 
maintain that ‘'there appears to be no parallelism between the temperature 
fluctuation and testis size.” Rowan writes that, “it should be borne in mind 
that Millards winter in Alaska, Iceland and even in Greenland and their 
gonads are already increasing at a time when those of most birds are still 
decreasing or are at their winter minimum^'. 

The mean temperature begins to rise in Benares steadily from February 
onward, and continues to do so till the middle of May. Thereafter, the moan 
temperature decreases till it is appreciably reduced in August. There is 
a slight rise in temperature in the first fortnight of September after which 
it falls in October, November and December. As mentioned before, the 
crests of the reproductive waves of several birds studied by us in Benares lie 
between April and September ; 'but the case of Milvus migrans, Tyto 
alba, and Bubo bubo present difficulties and cannot be reconciled on this 
ground. Therefore it seems to me that temperature is not one of the main 
factors concerned in inducing sexual preiodicity, but that it plays only 
an auxilliary part in it. 

Bain -Baker has collected sufficient data to show that rain is a factor 

concerned in controlling the breeding seasons of birds, but he is not very sure 
whether the stimulant is the rain itself “or the small saturation deficit of tho 
atmosphere or the existence of the ponds and pools or else tlu^ gren^n vegeta¬ 
tion resulting from it”. 

The record of fortnightly rainfall at Benares, according to tho data 
supplied to us by the Indian Metereological Department, shows that tho 
the‘wettest months of the year are July, August and September. If rainfall 
induces changes in the size of tho gonad ])roparatory to reproduction, then 
the progressive changes in the size and the histology of tho testes of Bubulcus 
ibis, Dicrurus microcercus, Twdoides terricolor, Acridotheris tristris 
and Ploceus phillipmus should commence in July and not in January/ 
February. Moreover, birds like Milvus migrant, Athene brama and 
Bu&o b'td )0 show the greatest enlargement of their testes in the months 
of February/March and December, The facts in our possession do not 
enable us to share the views of Baker. It seems to mo that it is not 
possible to generalize^ or to be dogmatic in this repect. In the case of 
those birds in which rainfall seems to provoke reproductive activity, 
it may be acting as an external factor through tho eyes or through special 
sense organs distributed over certain other parts of the body wliich are as 
yet unknown to us. 

Food —Baker writes that starlings do not respond to light if kept on a 
poor diet. Marshall also recognizes food as an important factor, because 
he says that sexual periodicity is conditioned by tho general environment 
just as all vital processes are so conditioned and that food supply 
is of prime importance. The case of marmorets at the Lister Institute 
as reported by Marshall proves that generative functions may be inhibited 
by faulty nutrition. Rowan, however, regards food as an insignificant factor. 
Bissonnette considers that deficient food may act as a limiting factor even 
counteracting the stimulative effect of light on sexual activity. The food 
of two species of Indian birds was studied by us in detail in tho Zoological 
Laboratory of the Benares Hindu University and checked with data obtained 
from Mason’s Memoir of the Imperial Department of Agriculture in India, 
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Volume III, 1912, on the subject. When the results were tabulated and 
anal3"sed it was found that food cannot be regarded as a provoking factor, 
but its general effect on the health of birds cannot, of course, be questioned* 

The effects of inadequate diet, wMch often results in general undernourish¬ 
ment , have been studied by several workers on mammals, but no work has 
been done on birds. We can, therefore, speak only from analogy in the 
absence of direct evidence. In the case of rats it has been reported 
that when the body weight decreases by 25 to 30 per cent of the original 
weight, then pycnosis and necrobiotic changes occur in the spermatids 
and spermatocytes. Spermatocytes lose their ability to undergo sper¬ 
matogenesis. Return to normal diet results in complete repair of testis 
injury in one to three months, depending upon the extent to which damage 
is done to the gonads in the inanition stage. 

The case is, however, different in the case of Amplnbia where we find 
that the testis and the ovary are already much grovm when the frogs or the 
toads wake up after their winter or summer sleep. Therefore, it looks 
that in different groups of animals growth in volume of the testes and their 
functional activity is differently affected by inanition. The preponderence 
of evidence indicates that the testes of birds are very sensitive to general 
inanition, and that they are particularly susceptible to vitamin B deficiency. 

Suppression of spermatogenesis, reduction in size of the seminiferous 
tubules, slougliing off of spermatids, reduction in the diameter of the tubules, 
and abundant pycnosis occur whenever there is a deficiency of vitamin B. 
Interstitial cells show hypertrophy and hyperplasia as a result of B deficiency. 
Our knowledge of this subject, however, is so limited that it is not possible 
to express any opinion at this stage on the role of B2 deficiency. The ovaries 
of polyneurotic birds undergo less marked atrophy than do the testes,although 
it has been mentioned by some workers that the resulting follicles are minute 
in size and that degenerative changes take place in the ova and in the nuclei 
of the interstitial cells. 

Vitamin 0 occurs in the anterior ijituitary and the interstitial cells of 
the sex glands. As far as we know, at the present time, vitamhi D has 
no specific relationship either with reproductive function or with sex-hormone 
production. There is some evidence to show that vitamin E, whose absence 
has been shown to play an important part in the differentiation of testes 
in rats, may be produced in the interstitial tissue cells. The testis of the 
chick has been reported to be resistant to deficiency of vitamin E or else 
it may be that the diet employed in the experiments was only partly depleted 
of this vitamin. 

Some speculation has been rife about the role of vitamin E in hormonal 
function of the sex gland and its relation with the anterior hypophysis. 
A similarity between the effect of hypophyseal disturbance and of 
vitamin E deficiency upon the feathers of t.en suggests that a link exists 
between them. 

The Unseasonal Climate oe Espieitu Sahto in new Hbbbidbs and 
THE Reprodctotivb ACTIVITY OF Pachycephla. 

The island of Espiritu Santo, New Hebrides (Pacific), lies 15® South of 
Equator, and has “a remarkably unvarying climate.” On account of its 
proximity to the equator it has little seasonal change in temperature. 

Pachycephala pectoralis is a non-migratory species of Passerine birds 
Wliich lives in the natural rain-forests below the leaf canopy and nests at 
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accessible heights. The male bird is’ brilliantly coloured which is in 
sharp contrast to liis mate. This species is insectivorous. 

A study of the growth in weight of the testis and the abunda*icc of 
sperms in it showed that the testis weighs four times as much in Juno/July 
as in December. That such an exceptional increase in weight of the testis 
should take place in the unvarying climate of Espiritu Santo is very signi¬ 
ficant. It will be noticed that the reproductive season is as restricted 
as in birds inhabiting the northern parts of Europe, whore seasonal changes 
in climate are very marked. 

Another striking point is that this bird moults like birds of the temperate 
regions when it has finished breeding.. 

A study of the metereological data of the Espiritu Stinto does not provide 
any obvious clue to the proximate cause of the breeding season. The breeding 
season of this bird extends from May to July, and the length of the day at 
this time of the year is 11.15 hours only, which is practically the lowest for 
the whole year. Therefore, it cannot be said, at least in this case, that in¬ 
crease in length of day is the cause of breeding, because the birds breed at a 
time when there is less sunshine. 

Some very intersting results have been obtained by Baker from the study 
of the breeding seasons of the Pachyce'pliala sps. in different parts of the 
South Pacific Ocean. He collected data of the egg seasons in Nothorn 
New Hebrides and similar latitudes in Tasmania, non-tropical Australia, 
tropical Australia and the season was found to extend from Septotnbor to 
November, Fm*ther south in Tasmania, the season does not start before 
September. In tropical Australia the season is dolinitely later than in the 
non-tropical paits because it extends froan September to March. At this 
time the sun is approximately overhead at mid-day. In New Horbridos 
the egg season occurs when the suii is lowest in the sky (that over the Tropic 
of Cancer). In tropical Australia it is coinoidont with tho overhead sun. 
Baker concludes that^Vhatover may control tho egg season in the bird without 
the tropics, it is not length of the day nor the i)osition of tho sun. Rain fall 
is not an explanation for the height of the egg season is reached in 
the wet season in tropical Australia and in the rainless season in tho New 
Hebrides”. 

The Internal Rhythm 

During the course of this discussion, the part played by the external 
environment, hormones and the internal rhythm has been emphasized. 
In a general way it may be said that the hormones and tho environment 
control the seasonal changes in some cases, whilst hormones and 
the internal rhythm predominate in others, it being understood that 
the^ organism can never be regarded as completely freed of tho 
environmental control. Baker and Ranson attacked the problem by collecting 
information on the breeding seasons of Sotithern Hemisphere birds in the 
Northern Hemisphere. They found that most of the birds of tho Southern 
Hemisphere when imported to the Northern Hemisphere changed their 
rhythm so as to breed in the corresponding season of the Northern Hemis¬ 
phere. Some birds of the Southern Hemisphere, having a limited breeding 
season in their homeland, bred all the year round when imported into the 
Northern Hemisphere. Some birds of the Southern Hemisphere, when 
imported into the Northern Hemisphere bred in the same calender 
months. Imported specimens exhibited an internal rhythm, breeding 
season not being easily influenced by the environment. It will, therefore, 
be seen that all birds do not behave in the same way, but some birds 
do exhibit the influence of internal rhythm. 
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The internal rhythm might have been induced in the birds genetically 
or by periodicity in the environment- Baker says : ‘‘Wc can imagine a 
bird endowed with the innate quality of tending to become ready to breed 
at the age of one or two or thi'ee years and at approximately annual periods 
thereafter. One can also imagine a bird with no innate rhythm of reproduction 
but only with an innate tendency to breed under certain environmental 
conditions ; such a bird can be imagined to have aninternal rhythm impressed 
upon it by the environment. But it is untliinkable that genetically induced 
internal rhythm could alone be responsible for annual periodicity in any species 
of animal or plant to the exclusion of environmental influences, for repro¬ 
duction will gradually get out of step with time like a clock however well made 
which is never put right. Nevertheless , internal th;yi}hm may be a constituent 
part of the cause of breeding seasons in many species which are mostly 
controlled by the environment”. The work of Marshall on South Down Sheep, 
Red-deer and other mammals has yielded results wliich are opposite to that 
found by Baker in the case of birds. It may bo that the nature of the 
sexual rhythm and its relationship with the environment is different in birds 
and mammals. 

The Role oe the Central and Sympathetic Nervous 
Systems in Reproduction 

Experiments liave been made on partially or totally decerebrated 
young and adult male rabbits, rats and cats. Golts, Sherrington and Cannon 
have al&o studied the effects of transection of the cord in the cervical and 
and lumbar regions, and of the effect of sj^pathectomy. It was found 
that transection and sympathectomy do not produce any ];)ronouncod 
deleterious effect upon reproduction. 

It will, therefore, bo seen that the exact role of the central and* sym¬ 
pathetic nervous systems in the execution of sexual acts is not fully 
understood by us. We lack conclusive evidence as to what specific 
parts of the nervous system become eroticised by internal secretions. 
What part the special senses play in the excitation and consummation of the 
sexual acts in mediating the external stimuli is also not very clear to us. 

Beak Colour as an Indicator of Sex-hormone * 

In many birds the colour of the bill changes during the breeding season. 
In the case of the African weaver finches, Pyromelana sp, and Qudea $p., it 
was found by Witschi that the colour of the beak of the male is under the 
influence of the male hormone, while the plumage is under the influence 
of the pituitary. In the case of the female, the plumage is under the dual 
control of the pituitary and the ovarian hormones which neutralize each 
others effect. The oestrogenic hormone inhibits the deposition of colour 
on the beak. 

In the English sparrow and some other finches both sexes have a horn- 
brown bill during the quiescent phase. During the reproductive phase, 
this changes in the males into a jet black. In the red-bill weaver, males 
and females have brilliantly coloured red bills during the inactive phase, 
wliich turns into yellow during the breeding season in the female only. In the 
Parokeets the sexes differ mainly in the waxy skin over the root of the biU. 
It is blue in the male, and broAvn in the female during the breeding season. 
Obviously, one of the alternate bill colours is neutral, not controlled by hor¬ 
mone and persists during the quiescent phase ; the other colour appears 
during the breeding season only. The bills of a number of species of Indian 
birds were studied by mo in the Zoological Laboratory of the Benares Hindu 
University and an accurate record of the changes in colour was maintained 
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for four y^irs. As a result of this study a nuiuber of points hitherto uunotiood 
by others have been recorded. The changes occurring in a few species 
attracted my attention particularly, and a metition of thctn is, therefore, 
being made liere. 


Observations made at Benares 

In the case of water hen [Amaurornis plioenicurm) the beak, in both 
sexes, has a dash of crimson red at its base, which in the regressive phase of 
the reproductive eycb changes into metallic blue in both cases. But in 
Phceous phillipinns t\\Q beak of the male is, at first, pinkish yellow which, 
at the climax of tlie reproductive cycle, acquires a metallic grey hue. The 
female of this species does not, however, actiuiro the metallic gi’ey tint but 
the basic pink-yellow becomes intensified a little. In tlui case of the cattle 
egret {Buhulcus ibis) the beak of both the sexes is similarly coloured 
except for the fact that the crimson red colour on the beak is sharper in the 
male than in the case of the female, and the purple blue round the eyes is 
also a shade brighter in the male than in the case of the other sex. 

It will be noticed from this that the bill of certain birds can. also act as 
an indicator of the sex hormone but the intersting point that emerges 
out of these studies is that in some species the bill colour is controlled by the 
male sex hormone, and, in other cases, by the opposite hormcne. A kind 
of genetical (or constitutional) physiology seems to influence the colour of the 
bilk of birds up to a certain stage, after which a hormonal influence, acting 
on this foundational colour, seems to determine what colotir the bill will 
assume during the breeding season. 

Cytologioal findings having a Bearing on avain REPRODtrOTiON 

Mender mentioned that mitosis did not occur in the gonad of the 
English Sparrow during the day time. This was corroborated to bo true 
by Loisel and Foley ,and Riley said that a lowering of the body temperature 
by about 5^F. takes place between 2 to 4 A. M. 

Baldwin and Kendeigh have shown that the body tonperatiiro of birds 
fluctuates during the day. They found that the temperature of the body of a 
bird is 3 higher during the day than when it is at rest. Wet more determined 
body temperature of a large number of birds and found that the daily varia¬ 
tion in temperature ranges from 0.7 to 3.0 degrees according to the species 
of the bird. , 

V j assumed for general purposes that body temperature of the 

r Ti when they are flying or otherwise active, and 

tails ^ at mght when they are at rest. Allender, therefore, argued that 
division stages take place in the testes at night while the birds arc at rest 
and the temperature of the body is at its lowest. 

• course of our studies, when thousands of sections wore exa- 
inmed 1^ us, we were puzzled to find mitotic figures in the sections of the 
testes of Indian birds, which had been fixed for sectioning during the day 
time. It, therefore, seemed worthwhile to study this problem closely. 

Results obtained at the Benares Hindu University 

• te^es of two species of birds. Passer domesticus md Acridotheris 
tnshs were ^xed at all hours of the day iu appropriate fixatives, sectioned 
and studied from this point of view. 
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It was found that mitosis occurred in these two species of Indian birds 
at all hours of the day and the night. In this respect these Indian birds 
differ from the English sparrow. 

Amitotic divisions of the nucleus were also found to occur in these two 
species of Indian birds. The cytologists of the old school looked upon 
amitosis as a symptom of approaching degeneration and death (vide Wilson 
p. 215), but it is now commonly agreed that this is far from being so. On 
the contrary, sufficient evidence has been adduced by Moves, Mcgregor, 
Child, Patterson, Hargitt and others (see Wilson p. 212-219) to show that 
both mitosis and amitosis occur in embroys and in adults of animals as the 
normal means of multiplying then: nuclei and cells. The evidence at our 
disposal clearly indicates that the occurrence of amitosis by no means 
precludes the asumption of mitosis and is not to be regarded as a symptom 
of degeneration. 

During the course of the routine examintion of hundreds of sections 
of the testes of pigeon, we came across abnormal vsperms, reference 
to which has been made by Guyer and Smith. These authors were, 
however, unable to trace all the stages leading to the formation of 
abnormal spermatozoa. We noticed that , whilst normal spermatogenesis, 
proceeds uninterrruptedly in some of the seminiferous tubules, abnormal 
stages occur in others, sometimes even inside the same tubules. Abnor¬ 
mality sets in mostly at the primary spermatocyte stages by reason of irre¬ 
gularity in the reduction division due to the incompatibility of the chro¬ 
mosomes. This results in the production of abnormal secondary spermato¬ 
cytes, possesssing an abnormal garniture of chromosomes. Sometimes 
a primary spermatocyte transforms itself into the spermatid without under¬ 
going the first and the second maturation division, and the same may happen 
tO/a secondary spermatocyte which may likewise avoid a secoiid maturation 
division . - These events result in the production of abnormal spermatozoa. 
Abnormal sperms of several kinds, viz. (1) giant sperms (2) double, triple, 
multi-headed sperms occur in the domestic pigeon. 

Giant sperms result from the precocious primary or secondary 
spermatocyte or from a spermatid which has inherited more than its normal 
-share of the chromosomes from the I-cyte or from the Il-cyte on account 
of the frregular assortment of chromosomes. Giant sperms may also be 
produced by the fusion of two spermatids lying adjacently. Monstrosity 
in sperms has been shown to be due to the branching of the nuclei of 
abnormally behaving spermatids. Twin sperms have also been noticed 
and their origin is due to the daughter nuclei remaining together , resulting 
after the maturation division, due to the failure of the partitioning cell 
wall to form. Bifid sperms have been traced to originate from spermatids 
whose nuclei undergo partial bissection. 

The irregular behaviour of the nucleus and the chromosomes seems to 
to be due to the incompatibility of the plasma of the different strains 
which is commingled in the hereditary make up of the pigeon. In other 
words , the abnormal spermatogenesis is due to certain intracellular factors 
of a genetical nature which affect the cellular physiology in such a way as 
to make normal spermatogenesis impossible. 

Sidelights ok Aviak Repboduotiok 

From our knowledge of the avian gynandromotphs and, other se:i 
intergrades we know that the balance of control may shift firom one sex 
to the other resulting in the production of various degrees of sex intergrades* 
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A geikieal explaaatiou of tlio origin of tlio hox iutorgnwlo wan givoii by 
Goldschmidst, and later on. by others ; but Witsc u’s exporimcuts show 
that the differentiation of the normal sex takes i)laco whcm the internal 
equilibrinm within the developing embryo is properly adjusted. When 
the time factor, dosage and the potency vary, or act early or late, th^o curcction 
of development may be switched from one sox to the other, resulting m the 
production of various grades of intersexuals. In the case of mammals, 
including man, the results of castration and onuchoidisiu hav(' sliown that 
even in the adult the characters and j)sychio qualities of the other sox may be 
produced when the controlling influence of the gonadal hoi mono 
decreases in quality or quantity . In adult birds small scale changes in res¬ 
tricted areas of the skin can be induced by means of grafts or hormonal 
treatment . Injections of thyroxin, theelin and other gonadal proparatioiivS 
have shown that different protions of the skin of birds have different poten¬ 
tials and the threshold of this potential can bo crossed by means of suitably 
planned experiments. The results of these experinemts show that birds 
as well as other vertebrates are fundamentally ambisoxiial 


It is known that the plumage is developed difforontly in the two sexes. 
Often the male possesses plumage for the sake of effective adornment and' 
the male birds develop colourful feathers and distinctive plumes in the 
breeding season every year. Bometimes there is scarcely any difforonoo 
between the two sexes except in regard to the dcvolopm'Uit of (Ustinctivo 
marks or colouration in limited areas of the body whi(*,h disappears after 
the breeding season is over. As a result of tlio work of Dantbrth, Masui, 
Juhn, Gustavson and Lillie it has boon found that there is a difforenee in the 
rate of growth of the feathers at the base and at the ap.^x, and that oven 
the barbs show a gcadient in consequence of which the tips have a higlior 
threshold of reaction than the more ’ basal points. By taking thes(!> 
facte into consideration it is possible for us to create regional as wall as 
individual gynandromorphic patterns by means of suitable injeotious. 

Ovulation is an important event in the sexual cycle of a female bird. 
The ovulatory process is induced by the action of the gonadotropic hormone. 
In the case of birds, the follicle stimulating hormone-prolactin-is liberated by ’ 
the hypophysis. Stieve found that unfavourable environmental conditions 
may iShibit maturation and ovulation, the secretion of the hypophysis 
notwithstanding. 


The experimental work on mammals has shown that they do not come 
under one single rule. The mammals may be divided into two groups : 
(a) those in which P-U. causes growth of follicles and ovulation and (b) 
those in which it does not. The hypophysis of these two groups would bo 
fimdamentally different; in one class (rat, cat, oppossum) the anterior 
pituitary supplies sufficient follicle stimulating hormone to cynergize with 
introduced luteinizing hormones to bring about follicular maturation and 
ovulation ; in the other group, this mechanism does not work. 

The vertebrates can probably be divided, like the mammals, into two 
groups : (a) those that do and (b) those that do not require sox stimulation 
for ovulation and oviposition. Among birds the domestic hen has been 
bred for egg-laying and will certainly lay in complete isolation ; this is pro¬ 
bably also true of other domestic and semi-domestic fowls. It is, therefore, to 
be iiderred that the whole train of physiological and behavioral mechanism, 
which is necessary for reproduction, is set in motion by tlie company of the 
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iual( 3 . The doiuestic bii'dy, in wliioh the male has been more or less dispensed 
with and in which the sexual stimulation h not necessary, may be regarded 
as having evolved some other kind of adjustment in the working of the glands 
of internal secretion so that sexual stimulation has become unnecessary 
in their case for breeding. 

Sexual periodicity, reproduction and behaviour arc controlled by the 
endocrine glands and the gonads. The cndocrinal glands are themselves 
subject to external influences acting through the sense organs and the nervous 
system. 

The phylogeny of the hormones is one of the most perplexing problems 
in JBiology still awaiting solution. In the absence of the appropriate 
stimulus the development and maturity of the cells and tissues of the organ¬ 
ism do not occur. The hormones, which were first elaborated by certain 
cells to assist the metabolism of other cells, have now become so indis¬ 
pensable to them that they cannot function without them. 

It, therefore, becomes necessary for us to view this problem of sexual 
]'eproduction and periodicity in elastic terms, for a rigidity in our attitude 
will let us understand only a part of the question and not the whole of it. 
Confining our attention to birds, for the moment, it has been found in the 
course of experimental work that not only do breeds of the common fowl 
differ in respect of reponsiveness to the same hormone, but even different 
regions of the same bird have their own individual thresholds of reaction. 
This means that each bird is a kind of '"Junctional mosaic’Vhich is differently 
patterned in different breeds of birds. 

In the case of liigher animals the internal rhythm is correlated with 
seasonal changes and other environmental factors which x)robably act 
through the nervous system ujpou the anterior pituitary and thus upon the 
testis or the ovary. Witschihas analysed the hormonal control obtaining 
in two species of African weaver-finches during the breeding season. In the 
case of the male of Pyromelana sp, the active hypophysis releases 
hormone which induces growth and maturation of the testis and the 
development of the nuptial plumage. This in its own turn releases 
androgenic hormone which stimulates the accessory sex organs and 
causes the deposit of black pigment in the bill. But in the ease of the 
female of Quelea sp., another species of African waever-finch, the pituitary 
hormone stimulates growth of the ovary leading to maturation and ovulation 
and the activated ovary releases oestrogenic hormone which stimulates 
the accessory sex organs bub inhibits the deposit of pigment in the bill and 
off sets the action of the pituitary hormone on the plumage. 

This work of Witschi is of first rate importance because it enables us 
to understand in a clear way the interlocking control of the glands of 
internal secretion which secures the well-ordered working of the whole 
machinery of avian reproduction. I have mentioned elsewhere that animals 
belonging to different classes and species seem to stand at different levels 
in the scale of evolution and have their own distinctive threshold of reaction 
although conforming to the general scheme of sexual reproduction and 
behaviour. Witschi’s experiments on the weaver-fi.nches show that , even 
the two sexes of closely related genera or species of birds do not have 
a common foundational plan of sex physiology. 

A well-knit complex of multiple physiological^factors seems to govern 
the onset and stoppage of the reproductive processes and activities in birds. 
It would be wrong to assume that this or that factor is the sole determi¬ 
nant of the process. 
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The process of the activation of the pituitary, its effect rfpon the gonads 
and the accessory organs of reproduction, secondary sexual characters, 
courtship and display, nest-building ,and migration constitute a chain 
of events which are linked together by means of several factors whose isolated 
study enables us to see only a part of the process and not the whole of it. 

In the present state of our knowledge ,it must be confessed that, whilst 
the broad outlines of the processes of reproduction and of the nature of the 
inciting factors are known to us, yet there arc many limiting factors 
at work which are eluding our comprehension. It seems as if the genic 
control of the endocrine organs, the activation of the gonads, susceptibility 
of the soma to the endocrine influences, selective responsiveness of the or¬ 
ganism to external environmental factors and the accumulated effect of the 
environment upon the organism, living through Si)ace and time, have resulted 
in the establishment of certain designs of physiological action and reaction 
which are not the same in aU species of birds, although the foundational plan is 
the same, and which may slightly vary even in the two sexes of closely related 
species or genera of birds. Believe it or not, but the fact that emerges out 
of all these studies is that the whole of the soma of the bird is to be 
regarded as a museum of the trophies won and the losses sustained, both in 
times of war and peace, during the aeons of time through which the birds 
have lived and survived. 
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THE PHYSICS OF THE BOTTOM LAYERS OF THE 
ATMOSPHERE 

{Delivered on January 3, 19‘18) 

Introduction 

The Physics of the Upper Atmosphere has been dealt with more than 
•once by previous presidents of this section. On this occasion I propose 
to make a brief and rapid survey of some of the problems concerning the • 
Bottom Layers of our Atmosphere and the Soil Layers immediately in contact 
with them. 

Considerations relating to the upper regions of the atmosphere will be 
brought in whenever these have a bearing on our main topic. 

The subject has a special importance not merely for the meteorologist 
and the xDhysicist. The biologist, the engineeer, the medical man as well as 
the farmer, the geographer, the geologist, in fact the entire Plant and Animal 
KingdnYn are vitally concerned with the air and soil layers in which they actua¬ 
lly five. 

The early meteorologist could only study the weather as far as it could be 
seen and understood from the surface of the earth ; but it soon became 
clear that the “Drama of Weather” is enacted in three dimensions and that 
for a full understanding of the various “acts” and “scenes” in this vast drama 
one must explore the whole atmosphere. • 

The “troposphere” or the lower portion of the atmosphere which is the 
seat of most of the major weather phenomena like the production of clouds 
and rain, storms and depressions, etc., may be treated as a vast thermo¬ 
dynamic “Heat Engme”with water vapour as the working substance. It 
must be emphasised, however, that equally fundamental processes are in 
operation in the atmosphere, both hehxo and above the region of clouds. 

One can go further and say without the least exaggeration that the 
whole atmosphere is a vast “International”open-air Laboratory in which 
practically every Department of Classical and Modern Physios has the fullest 
scope for enquiry and research. 

It will take one too long to tell the enthe story of the Atmosphere, 
nor is the story yet fully unfolded. . I shall confine myself as far as possible 
to some of the happenings near the base of the atmosphere. 

In presenting this report I have endeavoured to take the attitude or 
view-pond) of a Physicist in his rambles throvigh some of the less frequented 
regions of Meteorology. 



114 Ptoc, 35th hid, 8c. Gong. : Part II : PresideMial Addresses 

2. Solar Radiation 

All clieuiical and life px'ocesses on our earth are controlled 

by the sun and its radiation. Our little jdanet, with its gaseous envelope, 
revolving around the sun at a mean distance of 93,000,000 miles, intercepts 
less than 1/2,000,000,000 part of the radiation from the sun. The amount 
of radiation falling on a surface one square centimetre in area held normal 
to the sun’s rays, outside the limit of the earth’s atmosphere, is about 2 
gram calories per minute. 

The sun emits radiation like a black body at about 6000°A with the maxi¬ 
mum intensity at about 0.5/x. (5000 A.U.). In Fig.I the smooth curve A re¬ 
presents the "distribution of energy in ergs per cm.- per second in solar 
radiation before it enters our atmos^xhere. The total energy under this 
curve is equivalent to 2 gr. cals. 

When solar radiation passes through the atmosphere, it is depleted by 
the processes of (1) absorption by certain components of the air, (2) mole¬ 
cular scattering by air molecules and (3) scattering by dust and other 
impurities. 

(a) Absorption of Solar Radiation. 

Let us first consider absorption. The constituents of dry air are as 
given below,— 

Qas. Density. Percent 

{grammes per litre by volume 
at N. T. P.) 


Nitrogen 

1.2606 

78.03 

Oxygen 

1.4290 

20.99 

Argon 

1.7837 

0.94 

Carbon dioxide 

1.9769 

0.03 

Neon 

0.9004 

0.0012 

Helium 

0.178.5 

0.0004 

Krypton 

3.708 

6xl0-« 

Xenon 

5.851 

5x10-’ 


The composition of the atmosphere, up to the heights for which data 
are available, is practically uifiform. In addition to the above constituents 
of dry air, there is, of course, water vapour which decreases with height 
rapidly, becoming, according to Dobson and co-workers (Bakerian Lecture, 
1945, !^oc. Roy. Soc.), almost negligible above the tro]iopause, i.e., in the 
stratosphere and higher levels. Besides these, there is the small but very 
effective percentage of ozone in the upiier atmosphere (in the region 10 - 50 
K. M., with maximum content at 25 K. M. ; total ozone ranging from 1*5 
to 4.5 mm. at N. T. P.), produced under the action of the ultra-violet radia¬ 
tion from the sim. 

The constituents of the atmosphere which take a significant part in the 
absorption of the radiation from the sun are 

(1) oxygen absorbing in the extreme ultra-violet, .12 to T8 /t, 

(2) ozone absorbing mainly in the ultra-violet region, 

Hartley Band, .20 to .33/^ and to a much smaller extent in the visible 
(Chappuis) Band, .44 to .76/«, 

(4) Water vapour absorbing in the near infra-red bands centred at 
•93,1-13, 1*42, and l-47ja and 

4) carbon-di-oxide in the near iqfra-rred band at 2.7^* 
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Coining back to the solar spectrum it will be seen from Fig.I that 
practically all the radiation in the ultra-violet region at wave-lengths smaller 
than .33/6 (to the left of arrow marked B in Fig. I) is cut off by the oxygen 
and ozone in the upper atmosphere. In Fig.I the intense absorption 
band between .12 to .18/6 due to oxygen and that due to ozone between 
.20 to .33/6 are shown by the curves marked D and E. The ordinates of these 
curves are the decimal absorjition coefficients defined b}- 

I=Io 

where I is the hitensity of radiation transmitted by a layer of absorbing gas 
z cm. in depth at N. T. P. and is the intensity before entering the layer. 
The relatively feeble- absorption in the visible region due to ozone is not 
shown. On the long-wave side be^^ond. 68/6 the solar spectrum shows a number 
of absorption bands due to Og and HgO. Those due to water vapour at the 
wave-lengths .93/6, 1.13/6, 1.42/6, and 1.47/6 are quite conspicuous and out 
off a signifcant percentage of the radiation from the sun in the near infra-red 
region. 

Prom Pig.I it will also be clear that the absorption by COg at 2.7/6 
will not affect the total radiation reaching the earth’s surface materially. 

It must be stressed here that the cutting off of the extreme ultra-violet by 
the ozone in the atmosphere is of immense significance to fife on the surface 
of the earth ; we can tolerate these radiations only in minute doses,but 
any excess is very injurious. We shall revert to the significance of ozone 
in the upper air in regard to the thermal structure of the atmosphere and 
to the far infra-red radiation which it emits, later on in. this report. 

(b) ScaPer'Tig hy the atmosphere and by dust* 

The well known blue colour of the sky is due to the light diffused by the 
molecules in the air which scatter the shorter wave-lengths preferentially 
according to the well known inverse fourth power law of Rayleigh. Dust 
and water vapour in the atmosphere act more uniformly. 

As discussed by P. Moon in a recent paper (Jour. Prankhn, Iiistt. Nov., 
1940) the transmission factor associated with atmospheric scattering is given 

(where A is in//.), when the pressure is 760 mm. and the sun is at the zenith 

when the sun’s rays are vertical and the amount of precipitable water is 
20 mm. 

Similarly, when the dust content is of the order of 800 per cm.’^ 

The combined transmission T^ when the barometric pressure is p, pre¬ 
cipitable water is w, and when the sun’s rays are incident at an angle d 
is given by Bouguer’s equation 

'^here in sec d, the air mass (ecjual to 1 when d=o) 
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The above values of 1\ when corrected for the absorption by ozone 
provide the basis for the computation of the solar radiation which reaches 
the earth's surface , under known conditions of ozone, water vapour and dust 
content of the atmosphere in different seasons and at different latitudes. 
Owing to the jpauoity of actual radiation data, it has been considered worth¬ 
while to undertake these computations for a number of latitudes over 
India. At present direct observations are available only for Poona and 
Shahjahanpur (for a few years). It is very desirable to collect them at 
more places in India. 

3. Blaok-body Radiation iteom the Eaeth 

Before discussing the effects produced by solar radiation incident on the 
surface of the ground,it will be useful to compare and contrast the blackbody 
radiations emitted by the Earth with that emitted by the sun. 

The mean temperature at the earth’s surface is only of the order of 300°A 
as compared to that of the sun which is about 6000°A. The blackbody 
radiation received from a body at 6000®A at the earth’s distance from the 
sun, already shown in Eig-1, is reproduced on a different scale in Fig. 2 . 
as curve AA. The solar radiation is mainly confined to the visible region 
and tails off rapidly into a negligible quantity beyond say 3/^. 

Curve B in Fig. 2 represents the black body radiation from a surface 
at 300®A (the earth’s surface does emit like a ‘black body’), drawn to the 
same scale as AA. Note that the maximum radiation occurs at A=10/^ 
in the infra-red region and the total radiation is spread over the entire 
wave-length range extending from say 5/i to 30/t. 

Curve B^ shows the ordinates of curve B intxgnified 20 times. One 
essential fact to note is that little radiation is received from the sun in 
the infra-red region covered by curves B or B^ Th^ total hemi- 
spherical radidlion cr T^ omitted by each square centimetre of the earth’s 
surface at the average temperature of 300°A is of the order of .669 gr. 
oals/pm.^/mt. which is quite comparable to the direct radiation from the 
the sun, of the order of 2 gr. cals., at the upper limit of the atmosphere. 

Let us now consider what hax:)p 8 ns to the thermal radiation emitted by 
the earth’s surface. We have again to reckon with the water vapour present 
mainly in the troposphere (up to about 10 or 15 K. M. ),, the carbon di¬ 
oxide which occurs throughout the atmosphere at a concentration of .03% 
by volume and ozone which occurs in the layer 10 to 50 K. M. in the upper 
< air, with a maximum concentration at about 25 K. M. (total ozone varies from 
1.5 to 4.5 mm. at N. T, P. , depending upon the season, latitude and state of 
weather). 

Water vapour has a large number of absorx>tion bands. These 
are shown in the upper portion of Fig. 2 by the curve CC which shows the 
decimal absorption coefficent oc at the different wave-lengths. The strongest 
absorption is m the region 5.1 to 7.9/fc and at wave-lengths beyond 15 or 16/^. 
Note that the region 8-12/a where water vapour is practically transparent 
occurs in the region of maximum black body radiation. We may 
collectively call the wave-length intervals of high absorptio/i the region 
(qc>10), and the transparent range, 8—12/a, the region (oc< 1). The 
remaining parts of the infra-red spectrum with partial or small absorption 
may be called the S 2 region. 

In the upper portion of Fig. 2 are shown (i) the absorption bands at 4.3/a 
and 15/a of OO 3 and {ii) the 9.3—10-2/a baud of ozone, 
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Tlio 4.3/4 baud of CO^ may be left out of consideration as it occurs 
in a part of tlic spectrum where the energy of the black body rarliation from 
the earth is relatively small. The strong CO 2 baud centred at 15/4 will, 
however, play a significant part in absorbing the earth radiation in that 
region of the spectrum. The absorption is very liigh in a relatively narrow 
band, but the fact that GO .2 is present througliout the atmosphere (total 
CO 2 content of the atmosphere is as large as 240 cm. at N. T. P.) should 
be remembered. 

The ozone band at about 9.7/4 occurs in a very important region of the 
infra-red spectrum, viz., in the region of maximum energy of the radiation 
and of maximum transparency of water vapour. The ozone region too occurs 
in the upper air. 

4. The heat radiation from the sky : a brief review of 
WORK done in India 

It will be obvious* that the absorbing components like ozone, water 
vapour and carbondioxide m the atmosphere will absorb the direct radia¬ 
tion from the sun and the thermal radiation from the earth’s surface 
in accordance with- the respective magnitudes of their absorption coefficients 
and the relative intensities of the incident radiation in different parts of the 
entire spectrum. This is not all; they will also emit heat radiation in the 
wave-lengths where they absorb, the intensity of this radiation being a 
function of the temperature and of the coefficient of absorption in accor¬ 
dance with Kirchhoff’s law. Thus if is tho intensity of radiation from a 
black body at wave-length A and is tho absorption coefficient of a layer 
of gas at the same wave-length, then the layer of gas will also emit radiation 
equal to <\ Ex* When the absorption is complete^ then tho layer will also 
emit like a perfect black body. 

The importance of knowing the exact distribution of the absorption 
coefficients with wave-length tliroughout the range from the ultra-violet 
to the far infra-red end of the spectrum for the various gases and vapours 
present in the atmosphere, in order to evaluate the exact radiative equili¬ 
brium in different parts of the atmosphere can hardly be over-emphasised. 
Nevertheless, it must be confessed that our knowledge of the exact absorp¬ 
tion coefficients is far from complete. As methods of absorption measure¬ 
ments improve from time to time, it is found that earlier measurements 
have to be rejected or considerably modified. In view of the great importance 
of this jiroblem it is time that the meteorologist himself organises a thorough 
investigalion of the absorption spectra of the atmospheric gases at various 
pressures and temperatures. Until recently it has been usual to assume that 
Beer’s Law holds good under all conditions. Now, however, the diminution 
of the absorption coefficient as the pressure falls from that at sea level to the 
low pressures at higher levels in the atmosphere and the laws governing 
this decrease are receiving increasing attention. 

Let us take, for example, the case of water vapour. As soon as we take 
account of the decrease with pressure of the absorption coefficients of the 
various infra-red absorption bands, it will be clear that the heat radiation 
. emitted by the same amount of wate^ vapour at 10 or 15 K. M. level will be 
much less than that emitted by the same amount of vapour at or near 
the sea level. Recent work has shown that the upper atmosphere ^bove the 
tropopause contains little water vapour (Dobson). It would thus appear 
f.hat the layers which can emit water • vapour radiation toward>s the 
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ground yliould be well within tlio troposphere itself, tlio contribution of the 
higher levels being negligible. 

The problems of -radiative equilibrium in different parts of the atmos¬ 
phere have engaged the attention of a number of workers in Europe, America 
and also in India. The subject is rather subtle and it would take 
considerable time and space fully to describe all that has been achieved 
so far. An excellent summary of the work done up to 1942 with full 
bibliography will be found in “Heat Transfer by Infra-red Radiation on the 
Atmosphere” by W. M. Elsasser {Harvard University Studies, No. G), 

From Elsasser’s review it will be seen that the limit is being set to 
further progress mamly by the paucity of information regarding the 
absorption spectra of the gases concerned. 

In India, investigations on the radiation from tfie atmosphere were 
commenced in 1930 at Poona by Ramanathan'^- who, about the same time, 
also gave us the first complete picture of the thermal structure of the earth’s 
atmosphere [see Fig.3 (a)]. Ramanathan also carried out an investigation 
of the effect of radiation on the equilibrium of the higher layers of the tro¬ 
posphere and the nature of the transition from the stratosphere.®*^ More 
recently, Karandikai^4 working under Dr. Ramanathan has carried out 
extensive measurements of the distribution of ozone in»the upper atmos¬ 
phere and discussed the effect of ozone, water vapour and carbondioxide 
on the absorption of the incoming solar radiation. 

Ramanathan and DesaF® discussed their measurements at Poona 
of the heat radiation from the night sky (1930-31) with an Angstrom’s Pyr- 
geometer. 

In a paper published in 1935 Ramanathan and Ramdas^® discussed 
the physical basis for the various terms occurring in Angstrom’s 

empirical equation, .^= A—ExlO-"^" and showed that this maybe 

expressed also in terms ofthe Si, Sa and S 3 portions of the black body radia- 
tion at the temperature T°A in the form 

^=(S3+S3)-S3Xl0-<'« 

where W is the tot4 preeipitable water in the atmosphere which is equal 
to 0.21 e according to Harm. 

In the same paper they showed by computing a new set of absorption 
coefheients from the latest measurements of Weber and Randall (Phys. 
Rev. 1932,40) that Hettner’s earlier values are too high in the region beyond 
11 / 4 . In another paper"® the same authors discussed the possibility of 
extending the solar spectrum in the region 2200—r2000A. ' 

Malurkar’" derived a theoretical expression of the radiation from the 
atmosphere and lateral*’* discussed the measurement of .radiation mth 
restricted apertures. He also derived a formula for nocturnal radiation 
and its rdation to Angstrom’s formula. Ramdas"®.^® Sreenivasiah and 
Raman discussed the variation of the radiation with zenith distance and 
the decrease of the radiation during the course of the night due to cooling 
of the air layers near the ground and its effect on the S 3 radiation. 

KohlP working at Poona and later Raman®" have discussed their 
extensive measurements of solar radiation, Gadre®* studied the absorp- 
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tion of solar radiation by water vapour in the atmosphere and estimated 
the total precipitable water W from his absorption measurements at the 
0.93 /I absorption band, 

Gadre has started work at Poona on the measurement of the heat radia¬ 
tion from the atmosphere in the ozone band at 9 to lO/i, a region where water 
vapour is transparent and emits no radiation. 

Momin^® working at Poona has developed an integrating solarigraph 
and a Cathode Pay Spectrograph for the direct observation of the absorption 
by water vapour and other gases in the atmsophere in the visible and 
near infra-red regions. 

We have just referred here very briefly to the investigations made in 
India. For fuller information the original papers may be referred to. 
These investigations have received further impetus at the hands of the 
Atmospheric Research Committee which functions under the auspices of the 
Board of Scientific and Industrial Research in India and it may he hooped 
thal some of the gaps in our knowledge of the radiative properties of atmospheric 
gases will soon be filled. 

Our preserd picture of the Atmosphere. 

Fig. 3(a) is the thermal structure of the atmosphere as given by 
Ramanathan in 1930. This picture has undergone little change in the light of 
later work. It may be noted that the tropopause is highest and the air 
temperature there lowest just above the equator. 

Fig. 3(b) is the tentative picture of the atmosphere given by Dobson* 
recently. The probable variation of temperature up to the highest levels, 
based on all the available information, is suggested here. Note the cold 
tropopause, the rise of temperature with height (inversion) above the tro¬ 
popause and the probable( 1) continuation of this inversion up to the highest 
levels. Direct observation is confined to the first 30 K. M. or so. Much 
remains to be achieved to confirm and amplify this picture. 

In the succeeding pages we shall see what happens at the base of our 
atmosphere which is comparatively easier to investigate, but which also 
presents a vast number of problems for investigation. 


5. Phenomena near the oroxjnd 
(a) Solar Radiation : Insolation. 

Of all the factors which control the climate of the air and soil layers 
near the ground surface, the amount of solar radiation arriving at the surface 
after passing through the atmosphere, i.e., insolation, is the most important. 
It is only when we measure experimentally all the factors responsible for the 
disposal of the energy of solar radiation incident on the ground, that we shall 
get a real insight into the whole problem of thermal balance at the earth’s' 
surface. 

Raman*^^ working at the Central Agricultural Meteorological Obser¬ 
vatory at Poona, has discussed the solar radiation measurements recorded 
with a Kipp and Zonen Solarigraph. On a clear day in summer the total 
energy received by a horizontal surface from the sun and the sunlit sky may 
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be as high as S50 gr. cals, per square ceutimotro. Very recently 

also working at Poona, has develoi^od an Electronic Integrating Solarigraph. 

The surface of the ground is an ‘active surface’ as it absorbs solar 
^ radiation and thereby warms the air and soil layers near it 
The darker the colour of the soil, the greater is the absorption of the solar' 
radiation and the liighcr the temperature attained by the surface, the un¬ 
absorbed portion being actually reflected back to space. The percentage of 
solar radiation absorbed by some typical surfaces is indicated below,— 


Nature of surface 

French chalk ( white ) 

Quartz powder ( nearly white ) 
Sakrand soil ( grey alluvium ) 
Grass covered soil ( green ) 
Poona black cotton soil 
( nearly black ) 
Charcoal powder ( black ) 


% of solar radiation absorbed 

0 (assumed 100% reflection) 
28 
59 
68 

84 

90 


That the surface of the ground is the seat of warming by insolation by 
day and of cooling by radiation at night and that those heating and cooling 
tendencies are propagated u^pwards into the air layers and dowmvards into 
the soil layers can be seen from Fig.4. Curves are given hero showing the 
variation of (1) air temperature with height above ground and (2) soil tem¬ 
perature with depth below the ground surface at 0600 hrs. (minimum tempe¬ 
rature epoch), 0800 hrs., 0900 hrs., 1000 hrs., 1200 hrs.. and 1400 hrs. 
{maxi mum temperature tpoch). The data were recorded above the bare plot 
of the Central Agri-Met Observatory at Poona on the 5th January 1933, 
a clear day with little wind. 

We note that the diurnal range of temperature is equal to the hori¬ 
zontal distance*” between corresponding points on the curves 0 A B and 
OC D which represent the conditions at the epochs of minimv/m, and TTWiximura 
temperature, respectively. The diurnal range is maximum at the ground 
surface AC, about 37°C. It decreases in the soil very rapidly with depth, 
becoming practically negligible at a depth of 1 foot. At 0, for example, 
the thermometer read 23.3°C at all hours of the day. (While the variation 
during a single day is negligible at 1 foot or more, the annual or seasonal 
variation becomes negligible only at much larger depths). 

Coming to the ah layers, the diurnal razige of temperature falls rapidly 
in the first few inches above the soh surface, and more and more gradually at 
higher levels. Thus, even at 35 feet above ground, the diurnal range is of 
the order of 18°C (about half of that at the suiface). In fact, the level m the 
atmosphere at wMch the diurnal variation becomes negligible is several 
kilometres above ground, so^that a depth of 1 foot in the soil corresponds 
to a height ot several thousand metres in the atmosphere so far as the decay 
of the diurnal range of temperature is concerned. 

We now see why the ground surface is an ''active surface'' ; it is really 
the '‘'source" of heating by day and of cooling during night. 
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(b) AiV temperatures at the maximani temperature epoch, 

Malurkar and Ramdas ^ indicated in 1930 that the rapid variation 
of air temperature in the first few centimetres above insolated ground, 
under the steady state prevailing at the maximum temperature epoch, may be 
represented by an expression of the tyj)e 

sinh oc {h —z) 

<'>—00 siiili oc/t 

where <}> is the variable part of the temperature, 
is a constant, 

h the thickness of the surface layer, 
z the height to which ^ refers and 

00 is a constant involving the constants of temperature i^adiation, 
convection and absorption by water vapour in the atmosphere. 

The observed temperature distribution agreed fairly well with the above 
formula. 

In two papers pubhshed about the same time Raindas and Malurkar ** 
described a number of laboratory experiments which give an insight into the 
actual convective jDrocesses^ near a hot surfiice. Above the hot surface 
there is a dust-free or dark layer (observed under transverse illumination as 
in observing Tyndall plienomona) close to it. This dark layer shoots up as 
rising cones or filaments of hot air at a number of places which move about 
in a random manner. Between the rising currents of hot air, there are com¬ 
pensating downward currents of colder air from above. The dust-free 
layer below the plate is uniform and undisturbed. The phenomena hdow 
the hot surface have been extensively investigated by a number of workers 
in our laboratory and this has led to a fuller understanding of ''thermal re¬ 
pulsion''^ a molecular phenomenon. On the 

present occasion we shall confine our attention to the scries of investigations 
"above the plate", which coixforms to the meteorological pi’oblems. 

On a clear afternoon the temperature is high at the soil surface (it can 
be as liigh as 75 to 80° 0 at the surface of the black cotton soil) and decreases 
very rapidly with, height in the first few centimetres and more and more 
gradually as one moves to higher levels (see curve CD in Fig. 4). The lapse- 
rate (temperature gradient) is extremely high near the ground, often exceed¬ 
ing 200,000 times the adiabatic lapse rate (10° per K.M.) in the first centimetre 
or two above the ground. Like the air temperature, the lapse-rate too 
decreases rapidly with height. 

The air in contact with the ground is warmer and therefore fighter than 
the air above. It, therefore, breaks through the colder air in the form 
of rising columns with compensating downward movements of the 
air from above, as indeed the laboratory experiments had shown. This gives 
rise to the well known sliimmering of distant objects when observed through 
the air layers, an effect due to the variations of the refractive index in what 
we may ^11 the "shhmnermg layer" fust above the hot groxind. Fig. 5 shows 
roughly a vertical section of the ‘‘shimmering layer”. GG is the surface 
of the ground, the columns H, H are the rising currents of hot air, 
C, C are the descending currents of cold air and SS is the upper boundary of 
the shimmering layer. Above SS is the free atmosphere with the air layers 
moving horizontally and full of eddies. The eddying layer is also shown in 
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Fig, 5,. The effect of horizontal air motion or wind is to move as well as to 
incline the shimmer pattern in. the direction of the wind. Even strong winds 
do not wipe ont the shimmering layer during the day time when insolation 
is going on. 

The partition SS is well defined at sunrise. Later, under the influence of 
insolation, the shimmering layer intensifies and thickens, lifting SS rapidly 
as the day advances. During this process, the partition SS becomes some¬ 
what diffuse. At the maximum temperature epoch, the thickness of the 
shimmering layer is also maximum. Thereafter, this layer begins to contract 
towards the ground ,slowly at first, and more rapidly towards sunset. At the 
same time the partition SS lowers rapidly. 

(c) The minimum temperature epoch. 

This epoch represents the conditions after nocturnal cooling has pro 
grossed during the night. The processes involved in the nocturnal cooling 
of the ground and the air layers near it have been discussed in a series of 
papers based on experimental work carried out at Poona, during the past 
few years 24 ^ 25 ^ 26 ^ 35 ^ 54 ^—ground surface emits 

heat radiation a T^. At sunset insolation is withdrawn and the surface 
of the ground and the air layers near it begin to cool rapidly as a result of 
loss of heat by radiative exchange mainly with the water vapour, carbon 
dioxide, ozone and the dust content in the atmosphere. From observations 
made with an Angstrom's Pyrgeometer at Poona and elsewhere during clear 
nights, it has been found that 

=0-77-0-28xlO“®'^'’'^ ® 

where T is the temperature near the ground, e, the vapour pressure near 
the ground is really a function of the total water vapour content W of the 
atmosphere. (According to Hann W = 0.21 e approximately). Thus, when 
e is zero, S has a minimum value of about half the outgoing blackbody radiation 
<T (which cannot be entirely accounted for as ozone and carbon dioxide 
radiation to the ground but may probably be attributed partly also to the 
radiation from the colloidal content of the atmosphere ; this aspect requires 
further investigation). When e becomes large, S has a maximum value of 
about threefourths of the outgoing blackbody radiation cr T^. Thus, noc¬ 
turnal cooling on clear nights will depend on the water content of the 
atmosphere. 

Coming back to the variation Of air t 0 inx)erature with height durmg the 
minimum temperature epoch, it is found that the temperature decreases 
with height from the gromld level up to 10 or 15 cm. 

Li Fig. 4 the curve AEB shows the variation of temperature with height 
during the clear season. The lowest temperature occurs at E as discussed in 
a number of papers fr-om Poona. The layer AE with 

a lapse-rate is the remnant of the previous day's shimmering layer which 
persists during night whenever the winds are not‘strong enough to destroy it. 
Above this thin unstabii layer we have the stable or stratifie^ air layers 
associated with the well known inversion layers EB (Fig.4) where tempera¬ 
ture increases loith height Thus, after nocturnal cooling starts in the even- 
mg, we have the contracting sliimmering layer supporting the stratifying 
inversion layer above. The fact that there is a reversal from lapse to inver 
sion at the partition SS (Fig.5) enables one to locate it as a sharp or well* 
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defined partition at sunset and latot during the* night and until the next 
day’s insolation begins to affect these air layers. 

(d) Temperature fluctuations and their variation ivith height above ground 

During day time when shimmering is going on vigorously, a sensitive 
temperature measuring instrument of sufficiently small size will sometimes 
be in a rising filament of hot air and sometimes in a descending current 
of cold air, so that its temperature will fluctuate about a mean temperature. 
The mean value of the temperature and the range of its fluctuation would 
both decrease with height above ground. . 

Using extremely small thermocouples of constantan-cop]>er (45 gauge), 
one of them in a bath at a standard temperature and the other inserted, 
in the position of the thermometer in an Assamami Psychrometer, connected 
to a sensitive Moll galvanometer with a ijeriod of 1/5 second, it has been possi¬ 
ble to record practically instantaneous values of air temi)erature at intervals 
of a few seconds. After aspirating the psj'chrometer, a series of 50 readings 
was taken at 10 second intervals at various levels above ground up to 35ft. 
at the Central Agri-Met Observatory at Poona, After smoothing, so as 
to eliminate long-period of slow changes, values of (i) the mean temperature 
and (ii) the standard deviations of the short period fluctuations and (iii) 
the highest and the lowest temperature recorded at each of the levels 
was worked out. The values obtained at the maximum temperature epoch 
on the 6th January 1942,§ a typical clear winter day, are plotted in Pig. 6 
the height being shown on a logarithmic scale for convenience. MM shows the 
mean temperature ; AA and BB show the mean temperature ^minus’, 
and ‘plus’ the standard deviation, respectively. KN shows the lowest tem¬ 
perature and XX the highest temperature recorded at different levels. The 
rapid variation with height in the amplitude of the temperature variations 
is shown clearly by the curves. On plotting the standard deviation 
against the logarithm of the height it is found that the j)oints fall practically 
on a straight line which cuts the height axis at a point corresponding to about 
170 ft. above the ground. This shows that at the maximum temperature 
epoch the shimmering layer is likely to‘extend up^to 150 or 200 ft. above 
ground. 

Pig.7 shows the contrast between the variation of the mean tempera¬ 
ture (curves at the top of the diagram) as well as of the short period tempera¬ 
ture fluctuations with height at 1300 and 2200 hours respectively on the 
22nd January 1945*. These curves show that under the turbulent conditions 
in the afternoon the short period fluctuations are very large near the groimd, 
becoming rapidly smaller in amplitude above the 20 cm, level. At 2200 
hom^ when the temperature increases with height (inversion) and the air 
layers are stratified, the fluctuations are comparatively small at all levels 
right from the ground surface. It is also interesting to note that at a level 
of 10 metres the short period fluctuations are small and similar in magnitude 
.both by day and by night. 

(e) Turbulence in the air layers near the ground. 

We may, in passing, refer to some recent records of bi-directional wind- 
vanesf obtained at various levels above ground at the Central Agri-Met 

* Recorded by Mr. A. U. Momin. 

t Described in papers by F. J. Scrase and A. 0. Best (London, Gaoph. Mem. 62 
1930 and 65, 1935). A few of thesa instrumenfcs were placed at my disposal through 
the courtesy of the Chemical Defence Resaarch Establishment, Rawalpindi. 

§ Recorded by Mr- P. K, Rattan. 
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Observatory. The ])i-directional wind-vane Is actuated sinmitancously 
by both the horizontal as wc^lJ as the vertical fluctuations of wind direction. 
A x)en attached to the arm of the vane traces the resultant movements of 
the vane on a piece of pa])er fixed to the recording drum at the base of the 
instrument. The 'scribbles' during 3 minute intervals of time recorded with 
the same instrument in quick succession at heights of ft., 3 ft., 4| ft., 
9 ft., 15 ft. and 35 ft. above ground at 1600 hrs., 1900 hrs., 2200 hrs., 0100 hr 
0400 hrs. and 0700 hrs, during the ijcriod 1600 hrs. of the 14t]i to 0700 hrs. 
of the 15th May 1943 are shown in Fig. 8. The variation of temperature 
with height at the above hours is also indicated in the carves below tlic wind- 
vanc records. At the bottom of the diagram is the anemogram (l)ine»s P.T.) 
as recorded at the top of tlic 120 ft. tower of the Meteorological Office building 
at Poona. The points on the anemogram, to which the simultaneous records 
of temperature and wind direction refer are indicated by arrows. 

The points to note in Pig. 8 are, 

(i) in the afternoon, when the lapse-rate of temperature is high, there 
is considerable instability in the air layers near the ground and the 
amplitude of the oscillations in the wind direction increases rapidly 
with height (see records at 1600 hours) 

(ii) when nocturnal cooling begins, convectional turbulence moderates 
and decreases with height rapidly when the stratification associated 
with inversion of temperature is fully established (see records at 0700 
hours) 

(iii) near the groimd there is always a certain amount of frictional turbulence; 
nearest to the ground the 'scribble’ has an elliptic euvolopo with the 
longer axis horizontal, due evidently to air movements being loss 
restricted horizontally than vertically. 

The records of Fig. 8 give a clear picture of turbulence in the air layer 
near the ground, ^ 

(f) The nocturnal inversion layer near the ground. 

It will be appropriate to give here a brief account of the growth of the 
inversion layer towards and after sunset and during the "night and of its 
destruction by the effects of insolation after sunrise, during clear weather. 

The nocturnal inversion layer begins forming some time before actual 
sunset. Its lower boundary merges into the upper boundary SS (Fig,5) 
of the shimmering layer.^ When the inversion layer starts forming, simul¬ 
taneously, the shimmering layer indeed approaches the ground rapidly 
about sunset and within a short time after sunset attains its minimum hei¬ 
ght, say about a foot or so above ground; thereafter, it remains at this level 
moreor less during the rest of the night and until insolation sets in next mor. 
ning. The transition between the developing inversion and the upper boun¬ 
dary of the shimmering layer is a region of zero gradient of temperature 
and it may be caUed the 'lower isothermal layer\ This isothermal layer 
moves downwards m the evening about sunset and upwards in the morning 
after sunrise. 

The Poona data, being confined to the first 35 ft. above ground, are 
insufficient to indicate what happens to the upper boundary of the inversion 
layer. We may for this purpose utilise the data recorded and discussed 
by N, K. Johnson and G,S,P. Heywood (London, Geoph, Mom. No, 77), 
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These data, recorded at Leafield, refer to heights of 1.2, 12.4, 30.5, 57.4, 
and 87.7 metres above ground and therefore leave out of consideration 
the details of the shimmering layer, but are very valuable for following the 
movement of the upper boundary of the inversion layer. From their carves 
of temperature variation with height at different hours of the day in different 
months of the year, it is easy to estimate the position of the upper 
boundary of the inversion layer at different hours starting some time 
before sunset when the inversion begins to develop and ending some time 
after sunrise when the inversion is destroyed. The information so obtained 
is given below for the months of January , April, July and October. 

Qroioth of the inversion layer. 

The height of the upper boundary of the inversion layer in metres 
at the hours (G.M.T.) noted below. 

14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 

7 10 25 50 57 61 59 70 67 70 greater than 88 metres. 

20 28 35 37 42 57 67 greater than 88 metres. 

16 30 44 48 60 58 67 70 73 75 

20 30 38 43 55 58 59 60 62 68 greater than 88 metros 

It is obvious that the inversion layer continues to grow in thickness 
until insolation starts next morning. The boundary of the inversion 
layer merges into what may be called the ^upper isothermal layer^ above 
which there exists a layer with a lai:)se or decrease of temperature with height. 
Thus the inversion layer near the ground is formed between two layers of 
lapse, one of which, the lower one, is the remnant of the sliimmering layer 
and the other is the free atmosphere above in which also temperature 
decreases with height. 

Kgs. 9 and 10 have been constructed with the help of the Poona data 
and those referred to above, to show the development and the destruction 
respectively of the inversion layer. In both these figures the ordinates re¬ 
present height above ground (logarithmic scale) and the abscissae tempera¬ 
ture. The temperature-height curves are intended to show the nature of the 
variations which set in before, during and after sunset (Pig-9) and just be¬ 
fore, during and after sunrise (Pig.lO). 

Fig, 9 : Development, of inversion. 

Curves 1, 2,3,.. 10 represent the vertical thermal structure at 

different times. As the temperature decreases with time at all levels, 
the time sequence is from right to left. Curves 1 and 2 show the thermal 
structure before the formation of the inversion layer. Some tme before 
sunset, when the inversion is about to commence, the upper limt of the 
shimmermg layer is at the point *0. As soon as nocturnal cooling starts, 
the inversion starts developing. Its lower boundary which is ti^a ^ ^l(mer^ 
isothermal layer^\ approaches the ground rapidly from O to B within 
short while after sunset and thereafter remains more or less steady at about 


Month 

Januarj7 

April 

July 

October 
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1 ft. or so above ground as BC*. The upper boundary of the inversion 
layer starting at 0 begins to rise rapidly at first and more and more gradu¬ 
ally thereafter as OA in the figure. AOBO is the inversion region in the 
diagram. OA and OBO aro in the upper and lower isothermal layers 
respectively. Below OBO we have the lapse of the shimrnoring layer and 
above OA the lapse of the free atmosphere. 

Fig. 10 : Destruction of Inversion. 

Curves 1, 2, 3 and 4 represent the thermal structure at different times 
before and after sunrise. As the temperature increases with time, the 
time sequence is now from left to right. The inversion region is AO'BC. 
AO^ is the upper boundary of the inversion layer in the morning and it remains 
more or less steady at the same level during the process of destruction of 
the layer. CB represents the base of the inversion layer early in the morning. 
As soon as insolation begins at the point indicated by the vertical arrow 
(sunrise ), the shimmering layer thickens very rapidly from B to O'. As soon 
as its upper boundary reaches the point O' the inversion layer is completely 
obliterated. 

The above^ details are very interesting. In particular it may be noted 
that when the inversion starts forming in the evening, it does so not from the 
the ground as used to be supposed, but from the level represented by the point 
0 in fig. 9. The lower boundary of the inversion layer comes towards the 
ground but riot qmte in contact with it while the upper boundary moves 
upwards and continues to do so until sunrise on the next day. 

The above complete picture of the growth and destruction of the thermal 
inversion layer near the ground has been given for the first time as a result 
of our work at Poona and is based mainly just on the temperature readings 
with an Assmaim psychrometer at short height intervals at different times 
of the day. 

(g) Correlation between vertical ' gradients of temperature and whid velocity. 

We have studied, in detail (®°) the correlation between the gradients 
of temperature and wind velocity at different time intervals during the day, 
at different height intervals and at different seasons with the help of the simul¬ 
taneous observations of temperature and wind recorded at the Central Agri- 
Met Observatory. 

The variation of wind velocity with height above ground may 
be represented by v 


where u^ and n are constants. If u^ and Ug are the wind velocities at the 
levels Zj and Zg it is obvious that 


„ loggi-logga 
log Mj—log 


*jyiirw^ nights with mc^erate to strong air movement the aTiirnTnAriTip f layer may 
he entirely wiped out; such nights are very rare during 'the. winter season, 
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Values of n so obtained have been correlated with values of A the lapse 
rate between corresponding levels. The correlation coefficients for the 
various height intervals are given below ; 


Height interval 

Correlation between 

2 - 3J ft. 

- 0.34 

- 6 ft. 

- 0.59 

6 — 12ft. 

- 0.55 

12 — 20fl. 

- 0.41 

20 - 35ft. 

- 0.71 


All the above values are significant. It may be pointed out that when 
n is high the wind velocity increases with height less rapidly than when n 
is low. High values of n are associated with turbulence and vigorous mixing 
and high lapse-rates or negative gradients of temperature (day time). Low 
values of n are associated with stability and inversions of temperature (night 
time). The correlation between n and A is high and increases generally 
with height. This is not surprising when one remembers that it is the sarm 
cmiitics (shimmer filaments or eddies) which are responsible for the vertical 
transfer (by conductive processes) of momentum, heat, etc. in the atmos¬ 
phere. For full particulars the original paper may be referred to. 

(h) Yariaiion in the time of occurrence of the maximum temperature epoch. 

The maximum temperature epoch is at or immediately after noon at the 
soil surface. It occurs later and later as one moves away from the ground. 
As is wen known, the equation of heat conduction in any medium is given by 

dd dW 

dt dz^ 

where 0 is the temperature and K is the thermal diffusivity (conductivity 
divided by product of density and specific heat) of the medium. In experi¬ 
ments on the heat conduction of gases, a thin slab of air is enclosed between 
two surfaces and great care is taken to eliminate convection by keeping the 
upper plate hot and the lower one cold. The heat conductivity of air under 
the conditions when heat is transported only by molecules is 5,5x corres¬ 
ponding to a diffusivity equal to 17. The meteorologist dealing with 
theproblemof heat conduction through the air layers over warm ground 
considers that the same equation should hold good when K is taken to be 
the eddy-conductivity, the eddies playing the same role as molecules do 
in molecular heat conduction. Eddy diffusivity may be estimated in 
the usual manner, from the lag between the times of occurrence of the 
temperature epoch at two levefi and z^. We have 

z® = 4 Kt 

where at height z the maximum temperature occurs t seconds later than at 
the ground. When the above equation is applied to the lag in the^ee atmos¬ 
phere, the values of K are found to be of the order 100 or 1000 or more times 
the molecular value. It is usually considered tibat K the eddy diSusivity 
should have as its limiting value the molecular diffusivity as one approaches 
sufficiently close to the ground surface. 
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From our measurements at short height intervals lilce 0, 2, 5, 10, 15 etc. 
cm., we find that in the shimmering layer, at any rate, the time lag of the 
maximum temperature epoch is much larger than should be the case if the 
conduction close to the ground surface was truly molecular. There is often 
more than half an hour’s lag between 0 and 1 or 2 cm. and more than 10 to 
30 minutes’ lag between 1 or 2cm. and say 10 cm. Calculating from these 
values K comes out of the order o/ 1/10 to 1/100 th of molecular diffusivity. 

The parts played by radiation and the distorted non-horizoiital distri¬ 
bution of the isotherms in a shimmering layer (where hot air filaments shoot 
upwards bodily and cold air currents come down ) in bringing about the 
above high values of lag’ and low’ values of K are being examhied. 


(i) The transmission of heat hy convection from- the insolated ground to the 
atmosphere, 

^ The transfer of heat from the ground to the air layers above takes place 
mainly during the day, when the surface is warmer than the air. Raman 
working at the Central Agri-Met Observatory at Poona has developed a simple 
instrument for measuring this heat loss by the ground. Tlxe general arrange¬ 
ment is shown in Fig. 11. A thin polished silver-plated constantan strip 
AR is mounted between the ends of a pair ‘of nickel-plated and polished 
copper rods carried on a base of ebonite. The copper rods are connected to 
the terminals C and D, One junction P of a copper-constantan thermocouple 
is placed in thermal contact with the strip AB. The other junction Q is 
suitably mounted on silk fibres so that it can bo placed in contact with the 
surface of the ground. The underside of the strip AB is lined with a layer 
of cork so that ,when placed on the ground, it is thermally insolated from 
it. R and S are terminals for connecting the thermocouple to a sensitive 
{^Ivanometer. The strip AB can be heated electrically as required and 
the current measured on a calibrated ammeter. The convection apparatus 
is exposed on the open ground while the battery and electrical instruments 
are housed in an adjoining hut. 

The measurement of the heat loss from the ground is made by adjusting 
the electric current through AB so as to equalise the temperatures of P and 
Q. This is indicated by zero deflection in the galvanometer. Knowing 
the electrical resistance and area of AB and the coefiScients of absorption 
and emisson of radiation by the strip in the visible and the infra-red regions 
of the spectrum, it is easy to calculate the heat loss by convection. Fig. 

hourly variation of the heat loss by convection, wind velocity 

the temperatures at surface and 4 ft. levels respectively on a clear day. 
m total loss durmg the day is of the order of 175 gr.cals. The heat loss 
increases from 175 in February to 340 calories in summer. 


(j) The exchange of water vapour between fihe soil and the air layers above it. 

A cons^eraWe amount of work has been done at Poona on this topic, 
ivamdas and Jlatti have shown in a series of papers 28 ‘^ 3 e\ 

that when soE samples containing only hygroscopic moisture Ixe exposed in 
the open they lose water by evaporation from the morningup to the maximum 
tem^rat^ epoch m the afternoon. Thereafter, towards the evening, during 

morning, the soil reabsorbs the water 
reached the hygroscopic 
a diumal vanation but no day to day variation in the mean 

isopleths of soE moisture 

{/o on dry basis) during the penod August 1936 to October 1936. In the 
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upper portion of the diagram the rainfall amounts are also indicated in inches. 
It may be noted that the soil surface dries up rapidly after October, the mois¬ 
ture percentage at the surface being of the order of 5% only during the dry 
season. This phenomenon of evaporating water vapour into the atmosphere 
during a part of the day and re-absorbing an equal amount during the rest 
of thb day is actually going on in the soil under natural conditions during 
the dry season when the top layer of the soil contains only hygroscopic 
moisture. 

Soils vary in their capacity to lose and gain water vapour .in the above 
fashion. Fig. 13 shows the hourly variations in the weights of some typical 
soils of India when exposed flush with the soil surface at the Central Agri- 
Met Observatory at Poona. The mean weight of the soil samples was of the 
order of 60 gr. spread over 12.6 sq. cm. in glass dishes. The diurnal variation 
is maximum in the black cotton soils, the red soils having a moderate 
variation and the alluvial soils only a fifth of the efficiency of the black soils. 

There is a.complementary phenomenon going on in the air layers near the 
ground. During day time there is an upward flowbf water vapour fi:oni the 
ground with vapour pressure decreasing with height. Dming night time there 
is a downward flow of water vapour towards the ground which desiccates 
the air . The vapour pressure then increases with height above ground. 
This phenomenon goes on day after day during the dry season. The variation 
of vapour pressure with height at the epochs of maximum and minimum 
temperature is given below for the month of January (average values for 


1933-37). 



Height 

Vapour pressure in mm. of Hg. at the 

above 

Maximum 

Minimum 

ground 

temperature epoch 

temperature epoch 

0-3' 

8*6 

6-9 

l-O" 

8-2 

60 

S-O" 

8-0 

60 

e-o* 

7*8 

61 

1ft. 

7*7 

6-2 

2 ft. 

7’6 

6-4 

3 ft. 

7*5 

6-6 

4 ft. 

7*6 

6-8 

6 ft. 

7*4 

7-1 

8 ft. 

7*4 

7-1 

10 ft. 

7-3 

7-4 


The investigations on the exchange of moisture between the soil, 
plant materials, etc., have been continued by Ramdas and Malhk and 
discussed by them in a series of papers^®, 

It may be mentioned that a firaction of the heat gained by the soil by 
absorbing solar radiation is used up in evaporating moisture from the sod, 
but an equal amount of heat is returned to the soil surface when water 
vapour is re-absorbed. 
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6, The thermal balance at the ground sure ace 

The factors which control thethermal balance at the surface of the ground 
during clear weather may be grouped under (a) Radiation., (b) Convection, 
(c) Conduction and (d) Evaporation. 


(a) Radiation* 

(i) Visible radiation coming from the sun and the sunlit sky is incident on 
the ground. The amount of this incoming energy is estimated from solari- 
graph records. If the albedo of the soil is known, the fraction actually 
absorbed by the soil surface and converted into heat can be calculated. 

(ii) Water vapour and other absorbing components of the atmosphere 
are emitting heat radiation towards the ground both during day and night. 
The quantity of energy received by thegroundismeasured with a Pyrgeometer. 

(iii) The surface of the ground is continuously emitting radiation as a black 
body. This is equal to cr T^g where Tg is the surface temperature at any 
instant. Erom continuous (hourly) recqrds of Tg it is possible to compute the 
total radiation emitted by the surface during the day. 


(b) Convection* 

Tile method of measuring the convective heat loss from the ground has 
been described in Section 5(i). This loss mainly occurs during the day time 
when the surface temperature is appreciably higher than that of the air 
in contact with it. During night time the loss of heat by convection from 
the ground is almost negligible. 


(c) Condition* 

During the day time when the soil surface is warmer than the layers 
below, there is a flow of heat from the surface downwards. During night 
when the interior of the ground is warmer than the soil surface there is a 
return flow of heat to the surface. If 6^ and Oi are the mean temperatures 
during an hour at the surface and 1 cm. below it, the heat conducted 
into the lower layer, through the 1st centimetre layer with a mean temperature 

per sq. cm. when K is the soil’s heat con- 

dO 

ductivity. If the unit layer is itself changing in temperature at the rate 

the acoumtilation of heat in the unit layer itself will he C 0 being 

the specific heat of the soil. Therefore the amount of heat conducted fiom 

dO 

the soil surface will be 0^) -f- G-^* Using appropriate signs 


dO 

for ^^d knowing and and 6^ from curves showing the 

hourly variation of these temperatures, it is easy to compute the heat leaving 
or arriving at unit area of the soil surface during different hours of the day. 
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(d) Evaporation and Condensation^ 

The amount of water lost by evaporation from the Poona soil in the day 
time during the dry season is of the order of 0.03 gr. per sq cm. ; but a 
more or less equal quantity of water vapour is reabsorbed fr.om the atmos¬ 
phere during the rest of the day. Thus about 20 gr. cals, of heat are spent 
in evaporation but the same quantity is delivered at the surface during the 
re-absorption. 

The table below gives a statement of the thermal balance at th^ ground 
surface at Poona on the 23rd April 1936. 


Gain (gr. cals, per sq. cm.) 

Loss ( gr. cals, per sq. 

cm.) 

Radiation received from 
the sun and sunlit sky 
during day, after cor¬ 
recting for absorption 
factor at 84% 655 

Temperature radiation 
from ground 

950 

Heat radiation from 
the atmosphere at 0.48 
gr. cals, per cm.^ per 
minute 691 

Convective heat loss 

360 

Heat gain during ab¬ 
sorption of moisture 20 

N. 

i 

Heat transfer by con¬ 
duction (difference 
between loss by day 
and gain by night) 

35 


Heat used- up in 
evaporation by day 

20 

Total gain 1,366 

Total loss 

1,355 


There was a small carry over to the next day, of the order of 11 cals. The 
above statement is based entirely on experimental determinations of the 
various factors^ 


7. The Mioro-olimates oe Plant Communities 

Investigations 52 carried out at Poona show that plant com¬ 

munities tend to develop their own charaeteristie local or micro-climates 
which deviate from the climate of a-neighbouring open space to the extent 
that the horizontal air movement and the incidence of solar radiation on 
the ground are cut off by the-stand of the crop. The state of the ^ound, 
whether wet or dry, also plays its part. Kg. 14 shows curves of air tem¬ 
perature and vapour pressure at 2 P.M. on the 9th October 1934 in 
a number of environments at different levels above ground. We have at one 
end curve A representing the extreme conditions in the open with a rapid 
fall of temperature with height. At the other end we have the irrigated 
sugarcane crop in which the temperature is low near the ground and ii^cresiis^ 
with height as in a nocturnal ii^version, 
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More recent work at Poona has shown that inside the sugarcane crop 
the almost continuous canopy formed by the upper portion of the crop in 
the later stages of growth acts lilce an 'active^ surface, somewhat like the 
ground in the open, so that, during day time the canopy gets warmer 
than the ground below. The inversion so formed has been designated 
as a forced inversion' and has been fully described in a recent paper 
Pig. 15 shows the air temperature and vapour pressure inside a sugarcane 
crop. 

The micro-climates of plant communities, their variations with the ago 
and density of the crop etc, are of great interest to the agriculturist, the 
botanist and the ecologist. I toould, hoioever, reserve discussion of these 
topics to a later occasion. 

8. Problems of HyDBOLoay : Rainfall, Evaporation 
Soil Moisture, etc. 

A brief review of India’s Rainfall has been presented in a recent report 
by the speaker India’s liability to 'droughts’ and floods’ is 

indicated by Fig. 16. 

The Agricultural Meteorology Section at Poona has been engaged, 
amongst other activities, in investigating the movement of moisture through 
the soil, evaporation from free water and soil surfaces, effects of certain salt 
on the permeability of soils to water etc. 

These investigations have been summarised in a recent report by mo 
presented to the Research Committee of the Central Board of Irrigation 
in July last 

There are first of all the problems connected with the 'evaporating power’ 
of the air layers near the ground. This factor is usually measured with tank 
evaporimeters and can bo correlated with the evaporation losses of big re¬ 
servoirs, lakes, etc., if the essential comparative observations arc recorded 
earlier. 

Secondly , we have the problems relating to the fate of 'rainfall’ or 
'irrigation’. The controlling factors here are 

(1) evaporation from the soil surface, 

(2) surface drainage, 

(3) percolation through the soil, 

(4) retention by the soil and 

(5) underground dramage, if the soil is resting 
on an impervious layer of rock or other materials. 

The evaporation from the soil surface is comparable in magnitude to 
that from a free water surface so long as the soil surface is saturated with 
water. When the soil dries up, the evaporation will depend also on the 
upward or capillary ascent from the wetter soil below ; and when this 
supply 3'lso diminishes, the soil surface begins to exchange water vapour 
with the air layers above in the manner described in a previous para of 
this report. Prom observations made at Poona with a series of soil 
evaporimeters with depth of wet zone below'soil surface ranging from 6'^ 
to 3 ft., it is found that for any soil, , the evaporation when the wet zone 
is z cm. below soil surface, can be expressed as 
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where Eq is a constant representing the evaj^oration when the wet zone is 
np to the soil surface itself and oc is another constant. 

Measurements with different types of soil to calculate their oc coeffi¬ 
cients are in progress. With the help of these coefficients it v/ill be possible 
to estimate the evaporation losses from extensive catchments in different 
seasons when s is known. 

We have investigated the upward movements of salts in association with 
the capillary ascent and subsequent evaporation from the soil surface. The 
effect of certain salts like sodium carbonate on the black* cotto i soil in 
causing swelling of the colloidal fraction of the soil, choking up the 'pore 
space, and consequently decreasing the permeability of the soil has also been 
extensively investigated. These results are discussed i.i a series of papers 
30^ 31^ 34^ 35^ 42^ 43^ 40^ 47^ 77^ 78 jyy R,a,nadas and Mallik. 

Momin working at Poona has recently designed a simple instrument 
for recording soil moisture in situ, by noting the time taken for raising the 
temperature of a soil thermometer in the field by 5°C when an electric 
current is passsd through a heating coil, surrounding the thermometer bulb. 
Calibration over a season is all that is needed for using this instrument there¬ 
after to read off the soil moisture %. This'takes only a few seconds, as com¬ 
pared to the days spent in the usual method of estimating by ^sampling. 

The effective rainfall instrument is another very useful device that 
has been developed at Poona for recording the fraction of the rain water 
which is (i) held by the soil, (ii) drained through a known depth of soil and 
(iii) lost by evaporation. 

The problems of hydrology are many and ofterr complicated, but we 
hope to play our role by devising the necessary experimental methods and 
techniques. 


9. Conclusion 

I had a wide choice of subjects to talk about today. I have omitted 
many items and touched upon a few selected topics which might be of 
interest to Physicists. I have not said anything about weither fore¬ 
casting daily, weekly and seasonal, about cyclones and depressions which 
cause wide-spread devastation, about smispots and weather, cosmic rays 
in relation to atmospheric factors, about oscillations in the atmosphere, 
atmospheric electricity, theories of rain-drop formation, etc., etc, I am 
sure that meteorologists who may have occasion to preside over your 
section in later years wili^do ample justice to some of these topics. 

* May I say how grateful I am to have had this opportunity of telling you 
something about the activities of a physicist who strayed into meteorology ? 

■ If what I have said has served to create some interset ‘ in atmospheric 
problems in some of you, I shall feel amply rewarded. Thank you for your 
patient hearing. 
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Solar Radiation, Black body radiation at 300-A and the 
Decimal Absorption coefficients of ozone, 
water vapour and carbon-di-oxide. 











SUMMER WINTER 

Fig. 3a, Distribution of temperature in the atmosphere (after Bamanathan) 





































































































Fig, 7. Sh ort poriod fluctuation of air temperature at 1300 hrs. and 2200 his* on 22-l'*4:6 














Records of the hi-directional windvane at different times of the day at various levels up to 35 ffe. 
above ground. Simultaneous records of air temperature and the Dines F.T. anemogram are 
reproduced in the diagram. 
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N.B.:—^The tejnperattire scale is as in Fig. 1. BC is about 1 ft* above 
ground and AO about 300 ft. above ground. 
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Fig. 12(a). Seascmal variation of moisture % at different d^ths in the soil; the rainfall in inehea 
is shown in the upper portion of the figure.. 
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Fig. 12. Curves showing the convective heat loss from the ground, wind velocity at 4ft. 
and surface temperature and air temperature at 4 ft. 
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Fig. 13. Diiimal variation in the moisture content of typical soils of India. 
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FI6.46. FLOODS • AND DROUGHTS o Ht 9VDIA. 
THE FAMINE YEARS OF »f7,»SS AHO 1918 MIE tOllSillW^OiMAi 
Years oi-iladhs and drouf hH have ibr fbift pi«rp<^ baiiK deibed 
as ^sars- witti »noma|/ ip^ster than fwteo'Hjt 









SECTION OF ANTHROPOLOGY AND ARCHAEOLOGY 


PitEsiBENT : Anathnath Ohatterji, M.B., B.S. 


THE VARIATION IN STATURE AND CEPHALIC INDEX AMON^l^ 
BENGALEE COLLEGE STUDENTS 

{Delivered on Janm7*y^6, 1948) 


Geotlemek, 

I appreciate very deejily the honour of being asked to deliver the presi. 
dential address of the Section of Anthropology and Archaeology of the Thirty 
fifth Indian Science Congress. I also feel the responsibility of adequately 
fulfflling a task so weU carried out by my predecessors. I must confers that 
the choosing of a suitable topic, on wliich I could discourse to this learned 
assembly, gave me a considerable headache for several days, until, I hit 
upon the simple plan of selecting a topic not on account of its intrinsic import¬ 
ance but merely because I happen to be interested in it. The theme on which 
I propose to talk to you to-day is ‘ The Variation in the Stature and the 
Cephalic Index among the Bengalee College Students’. 

The data presented in the paper are derived from a part of the routine 
health examination of the students undertaken by the Medical Board attached 
to the Students’ Welfare Committee, Calcutta University, dming the years 
1922-28. The measurements were taken under my direction and super¬ 
vision by the late Mr. Harendranath Bose, L.M.S. About 15% of the 
measurements were checked by me at the examination centre or during a 
re-call examination instituted to check the correctness of the routine examina¬ 
tion. The measurements have been taken according to the rules laid down 
in the ‘Monaco Agreement’, the stature, i.e., the standing height vertex, 
being taken with the shoes off in every case, the subject standing erect, 
with a Martin’s Anthropometer and the maximum head length, glabella to 
opisthocranion, and the maximum head breadth, euryon to euryon, by 
means of a Martin’s Oraniometer, care being taken not^ to exert undue 
pressure on the head. The measurements checked by me in no case varied 
by more than 5 mm. in the case of the stature and 1 mm. in the case of the 
head length and the head breadth from the recorded measurements. The ages 
of the students measured varied between 19 and 25, the average for the 
series being 20*9 years. 

For the calculation of the indices and the subsequent statistical treati^nt 
I am indebted to the clerical staff attached to the Students 
and specially to the Statistical Assistant Mr. Proyatchandra CJhakraborta, 
B,Sc,^ 
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Originally the data wore arrangod ac.cording to ilu^ 28 (lbtrict« which 
formed Bengal before the fragmentation of 1047 and in tw(dvo groupn, cloven 
Hindu Castes and Siibcastcs and MosltMUM. 'flui HimultjauoouH consideration 
of the very largo number of tables (H30) which siu4i an arrangement involved 
was found to be trying and confusing and after (‘.onsithnNihle thotight and 
consultations with my Icwirned eoUeagm'is Prof. .Kiaj(^handra Jh)se of 
the Statistical Department^ Prof, K, P. dhattopadliyaya and Mr. Tarak- 
Chandra Das of tlie Anthropological Departnu^nt, Oahuitta University, it 
was finally decided to ro-arrango the data into six'/om^H —tlu^ (ive traditional 
Bengalsand Calcutta (Radha, Varendra, Vanga, (Jhattala and Saniatata, 
i,e,, West Bengal, North (kmtral Bengal, ICast Jhmgal, S<mih-^3ast 
Bengal and the Delta and live groups of pt^oph^ tht^ main Himlu 
Castes—Brahmins, Vaidyas, Kayastlias and Otlu^r Jliiulus and MoBlems. It 
may not be out of place to point out lu^re tliat tlu^ data relle(jt the (jonditions 
prevalent only among that group of jieoplo who abh^ <;o bear the expcmscs 
of a college education for their sons and wards, i.e,, economically spe^aking 
the rich and the middle classes, comtnonly styled as VBhadraloks', and do 
not reflect the condition prevalent among the rest of the population. 

In this task of re-grouping a second p,rin(ut)le has Ixnm introduced, namoly, 
the districts whore the averages revealed no Hignilic^aut variation have boon 
grouped together, for instance, the districts of llowrah and Hoogbly though 
outside the Delta or Samatata are included in Hamatata, i<h(^ districts of 
Faridpur and Baokergungo though inside tlu^ Delta are inchuhnl in the ssono 
Vanga and the district of Tip[)(u*ah in the zione Vanga instead of Chattala.* 
The principle adopted for the eomparison hetwee^n materials from tlu^ 
different districts is as follows 

The standard error of a difft^renco <!?(1)), betwcH)n two nUMUis Mj^ and 
Ma is obtained by tho following formula, in whicli c‘(M.,) is the standard 
error of the first moan, and 6 '(M 2 ) tho standard c^rror of the soeoud mean ; 


e(D)=: ± 

The standard error of tho difforonoe signilios that there is roughly a 
two-third probability of a random differonco not exceeding the standard 
error, and practically no probability that it will exceed throe times the stand- 
dard If actually we do find a difference larger than throe times 

its standard error; it can bo taken that this is not clue to diauoo. If we 
know that the materials have boon chosen in th (5 same manner in all respects 
except one, it is, then, justifiable to refer tho diffi^rcuco in tho first place to 
the circumstances which decided the selection* 


1. History of Bengal, Vol. I, Chapter XII, p. 377, Dacca tTniversity. 

Me4ioal and Biological Students by Qrnmv 



Zonal Variations 

Tho averages for the Stature and the Cephalic Index together with the 
Standard Errox’S of tho six zones are shown in Table No. 1;— 

Tablb No. 1 

All Zones Stature and Cephalic Index 


Stature Cephalic Index 


Zono 

NTo. 

MoaniS.E. 

ileand::S.iS. 

Kadha 

1101 

166 •4± *1782 

79 -Si -1293 

Varendra 

509 

160 -Id: *2468 

79 -Si -nss 

Vanga 

2391 

166 -9^ *1237 

79 *0780 

Chattala 

316 

165-li -3262 

78 *4^ *2296 

Samatata 

3834 

166 -4^: -0932 

81 ‘0± '0641 

Calcutta 

1130 

167 -Si -1722 

81 *3±*1166 

Province 

9281 

166 •Z± *0607 

80 •2± -0419 


An examination of tho Table reveals :— 

(a) That tho mean of tho Stature is fairly equally distributed over the 
whole province oxoo£)t Calcutta. Tho variations between tho zones are not 
signilicant except in tho following oases;— 

(1) Samatata and Vanga 

(2) Samatata and Chattala 

(3) Calcutta and all other zones 

(b) That in tho case of tho Cephalic Index there is a wider range in the 
value of the moan and tho variations, whore they exist, are markedly 
signihoant. 

The variations between tho following zones are to be noted :— 

(1) Kadha and Chattala—about 3.6 times the standard error 

(2) Samatata and Radha—about 12 times the standard error 

(3) Samatata and Varendra—about 9 times the standard error 

(4) Samatata and Vanga—about 15 times the standard error 

(6) Samatata and Chattala—about 11 times the standard error 

(6) Vanga and Chattala—^about 4 times the standard error 

(7) Wrondra and Chattala—more than 3 times the standard error 

(8) Calcutta and Radha—about 11.6 times tho standard error 

(9) Calcutta and Varendra—about 7 times the standard error 

(10) Calcutta and Vanga—about 13.5 times the standard error 

(11) Calcutta and Chattala—aljout 11 times the standard error 
Therefore there is justification for the division of the whole province 

into the six zones, Radha, Varendra, Vanga, Chattala, Samatata, and Calcutta 
as proposed in the paper. 

(o) At the same time attention must be drawn to the great degree of 
resemblance between the zones Radha, Varendra and Vanga. 

(d) Samatata and Calcutta resemble each other closely and together 
form an area characterised by a tendency to tallness and tound-head^oss, 
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For further elucidation, of the data t have correlated the stature and the 
Cephalic Index in each individual and clasBified them into nine typos or 
elements:— 

short—dolichoce^phals, incsooephalH and brachycophals ; 
medium—dolichocophals, inosocophalB, and braohycophals ; 
tall—dolichocophals, mosoceidxals, and braohycophals ; 

the criterion for sub-division into tho differoub classes being the same as 
adopted by Haddon and Martin, viz., 

Short—below 100 cm. 

Medium—from 100 cm. to lOi)*!) cm. 

Tall—170 cm. and above. 

Dolichocophals—below 70.0 
Mcsocephals - 76*0 to 80*0 
Brachycophals - 81*0 and above. 

* The incidence of tho different typos in tlio six zones is shown in Table 
No. 2 


Tablb No. 2 

All Zones Percentage lucidtmeo of Typos 

iioKT MBDIUM TAuT 


Zone 

No. 

Boli. 

oho. 

Meso. Bra- 
cby. 

Doll- 

oho. 

Moso. 

Bra- 

chy. 

Doll- 

oho. 

Moho. Bara- 
ohy. 

Radha 

1101 

2*82 

6*03 

4*90 

10*81 

28 *26 

18*71 

0*36 

12 *66 

8*00 

Varendra 

509 

3*14 

7*47 

4*13 

11*79 

30 *84 

19*66 

4*32 

a *00 

7*60 

Vanga 

2391 

2*47 

8*41 

4*89 

11 *64 

27 *69 

20*32 

4*68 

12*34 

7*05 

Ohattala 

Bid 

4*76 

7-91 

6-06 

19 *30 

26*32 

17*09 

0*66 

8n64 

6*38 

Samatata 

3739 

0*96 

5*64 

0*30 

4*76 

27 *26 

26 *99 

2*76 

13 *42 

11*03 

Calcutta 

1130 

0-63 

3*54 

5-31 

5*49 

21 *24 

30 -44 

2*30 

16 *04 

16*11 

Province 

9226 

1-77 

6*39 

5*48 

8-22 

26 *88 

23*95 

3*86 

12*94 

10 *61 


From an analysis of tho above Table the following facts emerge :— 

(1) The medium mesocephals arc tho most numerous type in tho popu¬ 
lation of all the zones except Calcutta whore tiic medium brachyoephals 
predominate. 

(2) The medium braohycophals come a close secoud, together they 
constitute about half the population, the combined incidouco varying from 
54% in Samatata to 42% in Chattala (lUdha 46.96%—Varendra 50.48%— 
Vanga 48.10%—Chattala 42.42%—Samatata 54.24%—Calcutta 52.68%). 

(3) Next in order arc tho tall mosocophals in all the zones oxcopt 
Chattala. 

(4) The mediun dolichooephals are equally important in tho zones 
Radha, Varendra and Vangii, in Chattala they show a marked increase and 
in Samatata and Calcutta an equally marked decrease in their incidence. 

(6) Tho tall bracl)ycephalH and tho short moHOOO[)hals aro just porcep- 
tiblo elements in tho composition of tho people in all zones except Samatata 
and Calcutta. 
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(6) The roHt (Hhort doliohooophals, short braohyoephals and tall doli- 
chooophals) forms only a small fraction of the population. 

(7) In Calcutta and Samatata the dolichocephals, shoii:, medium and 
tall, are greatly reduced in number as compared with the other zones. They 
show an increase in the incidence of tall brachycephals. 

(8) In Radha, Varondra and Vanga the incidence of the different types 
is markedly similar. 

(9) In Chattala there is a rise in the incidence of short dolichocephals, 
a marked iue.roase in the number of medium dolichocephals aird a fall in the 
number of tall mesoocphals and tali brachycephals. 


Group Differences in Different Zones 

In the following paragraphs an attempt has been made to assess the value 
of the variation in the Stature and the Cephalic Index among the different 
groups in the different zones. The values of the criteria together with the 
variations of the different groups arc given in Tables No. 3 to 14 :— 


Jiono lladlia 

Zone Radha 

Tabuji No. 3 

Stature and Ceiihalic 



Stature 

Cephalic Index 

Groups 

No. 

Moan:i:8.11. 

. MoandrS.E. 

Brahmias 

379 

168 ■T± -2997 

79 •7± -2096 

Vaidyas 

45 

166 ■2± -7566 

80 -ei -5648 

Kayasthas 

230 

166 -9 ±-3958 

79 -Si -2466 

Othor Hindus 

328 

166-9 ±-3335 

78 -7^: -2032 

Moslems 

119 

166 -3^ -6334 

78 -Oi •3666 


An examination of Table No. 3 shows that in zone Radha the variation in 
the Stature between the groups is not significant. The variation in the Cephallo 
Index is significant in the following gi-oups:—• 

(а) Biulimins at\(l Other Hindus (l-0±-292—more than throe times its 

standard error.) ^ 

(б) Brahmins an<l Moslems (I* 1±:-413—nearly 2-7 times its standard error) 

(c) Kayasthivs and Other Hindus (l-l±:-315)—three times its standard error) 

(d) Kayasthas and Moslems (L •2±:-433—nearly tliroo times its standard error) 

(e) Vaidyas and Other Hindus (l-8±;-59—over three times its standard error) 
(/) Vaidyas and Moslems (1-9 ±-GOO—nearly three times its standard error) 

To sum up, it appears that there is no significant variation between 
the groups—^Brahmins, Vaidyas atid Blayasthas but oaxsh of these groups 
varies significantly from Other Hindus and Mc^ms. The variation between 
Other Hindus and Moslems is not signific^t. 
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In Table No. 4 the peroontago distribution of tlio different typoa in the 
different groups of the zone Radha is given :— 

Tabus No. 4 

Peroontago distribution 


Groups No. SHORt MHGIUM TALL 

Doli- Moso. Bra- JOoli- Moso. Bra- Doli- Moso. Bra- 

oho. cliy. oho. ohy. oho. cliy. 

Brahmins m 2-11 S-28 J3-02 11-SB 2B'(10 21-SS 5-64 12-(I7 11-01) 

Vaidyas 45 2-22 4-44 2-22 4-44 28-8!) 20-GO 2-22 8-80 20-00 

Kayasthas 230 2-18 6-53 3-48 10-00 27-84 21-31 4-35 15-00 8-70 

Other TTindim 328 3 -97 8 -24 6 -49 10 -98 32 -94 14 -04 7 -02 10 -37 6 -40 

Moslems 119 3-36 7-60 6-72 12-00 24-30 13-44 12-60 14-28 6-04 

Zone noi 2-82 6-03 4-00 10-81 28-25 18-71 0-36 12-06 8-90 


An analysis of the above Table rovoala :— 

(а) That the raodiuin moHooephalH form the predominant typo in all 
the groups in the zone Radha. The niodium bracshyoephals eome a close 
second and together they constitute 4(5-5)7% of the population. 

(б) That the modium braehycephnls ar<» more mimc^reUK among the 
Brahmins, Vaidyas and KayasthaH than among the Other Hindus and 
Moslems specially the latter. 

(c) That the modium doUohoiiophals are more strongly roproseuted 
in all the groups in the zone than the tall brachyoophals. 


Zone Varendra 

The relevant figures for zone Varendi'a are given in Tables No. 6 and (J 

Tabm No. 5 

Zone Varendra 8tatui'o and (lophalio Index 


Groups 

No, 

Htaturo 

MoauibB.K, 

Cophalio ladox 
MoandbS-B. 

Brahmins 

178 

160 -4i -4400 

80’Id: ^3062 

Vaidyas 

10 

166 -Oi -9660 

78 -3± 1-1406 

Kayasthas 

82 

166 -0± -6276 

79-1± -4299 

Other Hindus 

101 

166 -6± -6317 

79-3 ± ‘3737 

Moslems 

132 

100 -4^ -4646 

78-7-^ •3460 
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Zone Varendra 


Tabus No. 6 

Percentage Distribution 


SHOKT MEDIUM TAT.r. 

Groups No. Doll- Moso. Bra- Doli- Moso. Bra- Doll- Moso. Bra- 

cbo. ohy. oho. ohy. oho. ohy. 


Birahtrtias 

178 

3*37 

7*87 

4*49 

7-87 

28 -OO 

23 -03 

2*25 

12« 

■92 

10' 

10 

Vaidyn-B “ 

l(i 

0 -GO 

(i *25 

0*00 

25 '00 

37 -.50 

18*75 

6*25 

6- 

•25 

0 

00 

KayaHi/httH 

82 

3 *00 

0*10 

4*88 

10 *97 

30 *49 

20*73 

4*88 

12 

•19 

6 

10 

Otlior IliuduB 

101 

0*99 

5*04 

4*95 

13 *80 

29-70 

10*83 

5*94 

9 

•90 

11 

88 

MohIoiub 

m 

4*54 

9*09 

3*03 

14*39 

34-85 

16*67 

6-30 

9 

•09 

3 

03 


509 

3*14 

7*47 

4*13 

11*79 

30 *84 

10 *65 

4*32 

11 

•00 

7 

•66 


An examination of Table No. 6 shows that the variation in the Stature 
and the Oophalio Index between the groups in the zone Varendra is not 
significant except tho variation in the Oophalio Index between the Brahmins 
and Moslems (1‘4±:'462—more than three times its standard error). 

Tho percentage distribution of types in the different groups in the zone, 
Table No.fi, reveals :— 

(a) That tho medium mesooophals form tho predominant type in all 
tho groups in tho zone. Tho medium braehycophals are next in importance 
and together they constitute 60'48% of the population. 

(b) That among tho Brahmins the medium and taU doliohooephals 
aro 1(}SH numerous than among tho other groups while tho medium and tail 
i)rachyoephals aro more numerous, 

(e) The group Other Hindus shows a low incidence of short dolioho- 
cophals aooompaniod by a rise in tho incidence of tall braohycephals. 

(d) I’he group Moslems differs from the Brahmins of the zone in 
having a larger number of medium doliohooephals and a .smaller number 
of tall braohycephals. 

To sum up, tho main feature of tho distribution of typos in the groups 
in tho zone Varendra is tho predominance of the medium mosooephals and 
brachyoephals in all tho groups in tho zone. 


Zone Vanga 


Tho variation in the Stature and tho Cephalic Index in the groups of the 
zone Vanga is given in Table No. 7 and the percentage incidence of types in 
Table No. 8 

TabljsNo. 7 


Zone Vanga 


Stature and Cephalic Index 


Groups 

No. 

Stature 

Mean ±8.IS. 

Cephalic Index 
MeaniS.E. 

Bralxtaius 

'650 

166 -90 ± -2322 

79 •48i:*1604 

Vaidyas 

395 

168-OOi-3121 

79 -21 ±-1836 

Kayasthas 

659 

165 -61 ±-2312 

79 -32^; -1443 

Other Hindus 

466 

166 -OOi -2867 

79-26^: -1847 

Moslems 

221 

166 -Ui -4012 

79 -87* -2696 
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'FabijUI No. H 

Zone Vanga l*orcoufcage Distribution. 

^ SHOKT JMIfllHirM: TAI.r. 


Groups 

No. 

Doli. 

oho. 

Moso* 

Bm- 

Doli- 

oho. 


Bt*a- 

<'.hy. 

Doll* 

<iho. 

Moho. 

Bra* 

ohy. 

Brahmins 

050 

2 -.to 

7 

3 -00 

U*5t 

2H-15 

21 -09 

5 '54 

9 *09 

9 *85 

Vaidyas 

W> 

2*28 

5 -Oti 

3 *54 

11 *90 

24-81 

l(i '45 

0*58 

1«-1K 10-81) 

Kayasthas 

059 

2 *73 

0 *50 

4 -55 

a '23 

29 -74 

20 *48 

3 *19 

12 '75 

5'77 

Other Hindus 

406 

3*00 

9 *00 

0 *22 

12*87 

27 -47 

20 *82 

4*72 

9 '87 

5 '30 

Moslems 

221 

0*90 

a *31 

9 -05 

9 'Oa 

25 -70 

21*72 

3-17 

13 -12 

5*88 

Zone 

2391 

2*47 

8-41 

4-89 

11'54 

27 '69 

20 *32 

4'68 

12 ‘34 

7-65 


An. analysis of the Tables No. 7 and 8 brings out:— 

(a) That the variation in tho Btaturo and tho Cephalic Index in tlio 
groups of the zone Vanga is not significant except in the case of tho Vaidyas 
who are taller than tho momborH of tho other groups. 

(&) That tho moclium mesooophals are the predominant typo in all the 
groujjs of the zone Vanga and together with the medium liraeliyoophals 
constitute 48.1 %of tho ijopulation. 

(c) The Brahmins and Vaidyas show a greater inoideuoo of tall 
brachyoophals than tho other groups. 

(d) Tho Kayasthas show a close vesomblance to the grouj) Other 
Hindus. 

(e) Tho Other Hindus and Moslems reveal a greater inoidenoo of 
short brachyoephals with a corresponding doeroase in tall brachycephals 
when compared with tho Brahmins and Vaidyas of the zone. 


Zone Ghattala 

Tables No. 9 and 10 show the variation of tho criteria and tho porcontago 
dfctribution in the different groups of tho zone Chattala :— 

Table No. 9 

Zone Chattala Stature and Cephalic Index 


Groups 

No. 

Stature 

MoaniS-B. 

Cophalio Xndo3c 
Moan±S.E. 

Brahmins 

37 

164 ■Q± •7496 

77 •7± -6824 

Vaidyas 

24 

164-1 ±-8600 

77 -2d= *6846 

Kayasthas 

112 

165-1^-6896 

77 '2± *3616 

Other Hindus 

67 

166 -Oi -7892 

79-Ti'5228 

Moslems 

76 

166 •6217 

79 '7± '4669 
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Table No. 10 

ZoiK^ Ohatfcala Pereontage Distribution 


Groups 

No. 

Dolb 

olio. 

SHORT 
M.OHO. Bra- 
cJiy- 

Dou¬ 

che. 

MEDIUM 

Meso. Bra- 
chy. 

TALL 
Doll- Meso. 
(iho. 

Bra- 

chy. 

Brahmins 

;i7 

5 41 

8-ie 

0 4)0 

24 ‘02 

2!) -73 

21 *02 

5 41 

5 44 

0 -GO 

Vaidyas 

ij:4 

0 *00 

H ‘00 

0 •()() 

07 *50 

2»-17 

10 4)0 

447 

4-47 

0*00 

Kayast-has 

112 

7*11 

8 4)4 

2*08 

20 -21 

27 •(!« 

8 -DO 

8 4)4 

8 4)4 

0 *25 

Other Hiri<luK 

(17 

1 -ts 

7 ‘40 

8 *05 

14 *02 

1!) 40 

l<) -40 

4 48 

11 4)4 

8 -05 

Mosltvins 

70 

2 *00 

7 *80 

0 *21 

0 *21 

23 -OS 

25 4)0 

7 *80 

9*21 

5 *20 

Zono 

010 

4 -75 

7*01 

5 *00 

10 *00 

25 -32 

17 -00 

0 *05 

8 *54 

5 -08 


An analysin of Tal)l(^ No. 0 shows :— 

(a) That tlu' variation in tho. Staturo botwoon diffcrout groups is 
not Bignifhtant. 

(h) Tho variatioti in th(‘ (lophalic Index Is signideaut in the following 
(Uises 

(i) BrahiniriH an<l Other Hindus (2.i)„-b*251)—7 times its standard eiror) 
(u) Brahmins and Moslems (2.()ib*248™8 tiine.s its standard error) 
{Hi) Kayasthas and Other Hindus (2.r)d::dK}()—4 times its standard error) 
{iv) Kayasthas and Moslems (2.5±-r)84—over 4 times its standard error) 
Vaidyas and Other Hindtis (2.5±:“86I—3 times its standard error) 

[vi) Vaidyas and Moshmis (2.r)±*829—3 times its standard error). 

It is diffieult to gonoralisc on the incidence of tho typos in the grox!i)B in 
tins mno owing to the small si/iO of tho samples {vida Table No. 10). it would, 
lu)W<W(^r, appear that the medium mosoccphals still form tho i)redorniuant 
ty|)carid toge^thor with the medium brachycephals constitute 42.41% of the 
population, ''.riie incidonc<i of the medium and the short doli(}ho(}ephals 
amorig tho Brahmins and Kayasthas of the. zone is higher than among the 
corresponding groups in other zones. On the other hand thc‘. short and tall 
brachycephals among the Brahmins and Kayasthas of the zone sliow a 
d(u*T(^as(? in their incidence. 


Zone Samatata 

The intergrouj) variations in the Htature and the Oephalic Index and the 
poreentago distribution of typos for the zone Samatata are given in Tables 
No. 11 ami ,12 :— 

Table No. II 


Zom^ Mamatata 


Stature and Cephalic* Indc^x 

Groups 

No. 

Stature 

MoaniS.E. 

Cephalic Index 
Moan-i:S.E. 

Brahmins 

1515 

167 -idz -1470 

81 *3± 4002 

Vaidyas 

193 

166 -Si -4312 

80 -2^; -3062 

Kayasthas 

1020 

166 ■4:± -1748 

81-li -1227 

Other Hindtifei 

792 

165 -Si -2017 

80 -Si -1427 

Moslems 

308 

164-Si-3298 

80-Oi -2187 
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'rABi.K No. 12 

Zone Sainatafca I’ontt'ntago Dwtrilmtion 


Q-i'ouprt 

No. 

XMU 

<iho. 

.SltORT 
Mono. Bm- 
(‘hy. 

MWDIUM 
Doli- Mohu. 

Hra- 

(dvy. 

TALI. 

DoU- Mono, 
oho. 

Bra- 

chy. 

Brabmi UH 

1488 

0 -00 

:t -Hi 

5 -8." 

4 -nu 

^15 *27 

28 -U) 

2-22 

15 ‘32 

14 -58 

Vaidyas 

lO'JS 

0 •02 

8 •(11 

r» *70 

to-40 

21 -(il 

22 *22 

■f -91 

14‘HI 

9*88 

Kayasthas 

1020 

1 -07 

5 -4(1 

5 -iir) 

3 ‘00 

2(1 -IW 

;U) *02 

2 ‘44 

13 ‘35 

11*79 

Other HinduB 

705 

1 vis 

8-so 

7*17 

4‘IM 

32 -9(1 

21 dM 

2*89 

11*82 

8*93 

Moslems 

308 

1 -30 

9 ‘7 ^ 

H‘12 

5 -52 

28 -25 

25 ‘07 

4 -87 

7‘79 

8*44 

Zone 

3779 

0-97 

T) -CH 

(i ‘30 

4-7(( 

27 -25 

20 -90 

2-75 

13*42 

11 *93 


An analysis of Table No. 11 sliows :— 

(а) That tho variation in the Htatnn^ i)C'tw(“('n the Hraluniiw and all tlu' 
other groups is signiftoant: -- 

(il Brahmins and KjiyasthaH~(l.Od.-.2:1—over 4 tiinos its H.lfl.) 

(ii) Brahmins and Other irinduH—(2.1:i,-.2f5--alK)ut H timoH its K.K.) 

(»i) Brahmins and MoHleinH~-(2.(>ii ;.:i«- - over 7 iiinoH its N.K.) 

(w) Brahmins and Vaidyas—(l.lLi.:.45..-ab<)ut 2.5 tinnw its K.K.) 

(б) That the variation in th(» Ktatunt betivveen the Kayasthas on the oiu' 
hand and the Other Hindus and Moslems on tiie other is signilirant 

(i) Kayasthas and Other ilitulus-~(l.l;'lj.27—over4 times its H. K.) 

(ii) Kayasthas and Moslems—(1.64;..‘t7—over 4 lames its K. K.) 

(c) That tho variation in tin* Cet)hali(' liuhtjc between th(t Brahmins 
and Kayasthas is not significant. 

(d) The variixtion in tho Cephalic Index between tho Brahmins on ono 
hand and the Vaid/as, Other Hindus and Mesloms on tho other is 
significant:— 

(i) Brahmins and Vaidya.s—(J.l:;l;.32--over 2 times its S. E.) 

(») Brahmins and Other Hindus—(l.Oi:. 17—nearly 6 times its B. E.) 
(m) Brahmins and Mosloras—(0.7i.24—about :i times its S. E.) 

(e) That the variation in tho Oephalio Index between the Kayasthas 
and Other Hindus is siguiti((ant 

Kayasthas and Other Hindus—(O.H-i-. 19—over 4 times its B. E.) 

1 Ibat tho variation in the Cephalic Index between tho Kayasthas 
and Moslems is not significant. 

(0 That the variation ui tho vStaturo and tho Cephalic Index botwoen 
the Kayasthas and Vaidyas is not significant. 

tbo Btaturc and the 0.mhalio Index between 
the Other Hindus and Moslems is not significant. 

^ analysis of the Table of tho percentage incidence of types. Table 
No. 12, reveals :— ji. > 

[a) That the medium mesooephals and tho medium braohyoephals 
rJ o!?/ population of tho zone, together they constitute 

o4.24 ^ of the population ; but the braohyoephals are more numerous aipong 




Anihropology (tiid Arohmohy i(j3 

tlu) Bfaluiiiiw and Kayawthas whiles tlus inodium mesooephals aro morj 
strongly nsprosontod among tins Otlusr Hindus and Moslems. 

{b) 'I'hat tilu* tall hraohyesisjshals aro more numerous in all the groups 
than in otlusr ssoiuss and aro stnsngly risproseiitcd among the Brahmins 
and Xayasthas. 

(r) Tlus dolusluxsophals short, medium and tall show a marked 
desow'aso in tlusir iiusidotuses in all the groups in the zone. 


Zone Calcutta 

Tins nshsvaiit liguriss lor zone (Calcutta aro given in Tables Nos. 13 and 14 :— 

'rABiijc No. J;{ 

Zones (lalejutt'ii Stature and Cephalic Index 


(jroujm 

No. 

stature 

Moan:bS.B:. 

Cophalio Indox 
Mean 15. 

Jimhtnius 

20(5 

107-96 Lb -3525 

81 •0± -2367 

VttidyttH 

42 

100-17 ± -8367 

80 •9± *4675 

KayaHfchtw 

m 

107 -OB-i: -2068 

81 -4^: -1927 

Other Huiduw 

m 

107-47 i *3020 

81 •Q± *2106 

M0Hl0ULi!» 

72 

100 -Old: ‘7012 

80 *0d:-4360 


'I'lie variations in the ytsvturo and the Cophalio Index between the groups 
e'xetopting tins Moslesms aro nest significant. In zone Calcutta it is 
dessirables to lesavo out the Moslems from oeir esonsidoration as a large pro¬ 
portion of the small samplo studieel is ejomposod of Non-Bengalee Moslems. 


'rABOB No. 14 

Zone Caletutta- Porcentage Distribution 


(iroupH 

Nov 

OoU- 

cho. 

SHORT 
Meso. Bra- 
chy. 

I)oli- 

cho. 

MEDIUM 

Moso. Bra- 
ohy. 

Doli- 

cho. 

T4LL 

Moso. 

Bra- 

chy. 

BrahmitiB 

200 

0-38 

3*38 

6*04 

0*01 

20*68 

24 *43 

1.‘88 

19*92 

17-67 

VaidyaH 

43 

0*00 

0*00 

4'05 

4*06 

18*00 

30*23 

2*33 

23 *26 

16*28 

Kayastha^ 

395 

0*70 

3*54 

6-32 

6*00 

17 *97 

34*08 

2-78 

12-66 

17*21 

Other HinduH 364 

0*28 

2-82 

6 *06 

5 *(58 

24 *01 

31-04 

1-69 

12*99 

16*82 

Moslems 

72 

1*39 

9-72 

2*78 

8*33 

29*17 

23*01 

4*17 

16-28 

6*66 

5i5one 

1130 

0*63 

3-54 

6 *31 

6*49 

21 *24 

30 *44 

2-30 

15-04 

16*11 


An analysis of the poroontago distribution, Table No. 14, brings out the 
following features 

(d) The medium braohycephals form the most numerous element in the 
population. The medium mesocephals are next in order of importance 
and together they constitute 61.68 % of the population. 

(6) The tall braohycephals show a marked rise in their inoidenoe in 
all the groups. 
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(c) Tlio (l()lich()(iO[)hals nhorb, nuMlutin aiul ttall show a vory low 
iucidencc. 

To Hiim tip, tk(s (ioiisitlcraiiiou of iht' ini(‘r-,ii;!\nip variations in th;^ 
varioUvS zones hriujj;s out th<^ followinj^ main (ants : - 

(A) The variation in the Stalling in (UftiaHMit i^roups in tlu‘ zones is 
not signilloant cx<n^|)t in tlu^ Following cias(‘s : - 

(i) in zones Varondra and daloutta tin* Vaulytis a.rei taJler titan all 
the otlier groups. 

(i/l) in Wamatata the Brahmins ari^ slightly talliM* than all tint other 
groups. 

(B) The Ottpkalio lude.x is a more variahks erittTion and tlui lollowing 

main liutliugs deserve (jonsidoratioji :. 

(i) Variations in tke Oepkalie Inde.v; between th(^ Brahmins, Vaidyas 
and Kayastkas are not signilieant (‘..Keept in zoru^ Mjinnittitti whcrii ike 
variations between tkc Vaidyas and I^rakmins, and tint Vaidyas and 
Kayasthas are signitii^ant. 

(ii) Variation in tint (lepkalie Index betweim tke Bnihinins, Vaidyas and 
Kayasthas on the one kand and tke Otker Hindus on tluMttlu^r is signilieant 
only in Kadha and Oaleutta and between tlu‘ Brahmins and OtluM* Hindus in 
Kamatata. 

. Variation in the (Jeplialie liultsx bid.wtuMi Hi(‘ Mitsltans ami Brahmins 
is signifioaut in all the zones (^^ei^pt Vanga and btd.wiHat Huh Mosltmis on ilu* 
ono hand and the Kayasthas a.nd Vhiidyas on tlu^ (dber iii Itadha ttnd (Ikattala. 
llio variation in tli<^ (Jepkalie Imh^x b(*tw<‘(‘n IJu'i Mosltatm and Oih(*r Himlus 
is not sigukicaut in any zont^ 

(it?) Tint mediuni niesoeepkals and Itraekyet^phals togtd.lua’ Form tint 
most numerous typo in the eomposition oF the difh'nait groups in all the 
zones. 

(?;) Tke tall braeliyeephals ar(‘. more Fnapumt among tlu^ .Brahmins 
and Kayasthas in all the zomss exei^pt Ohatltala. 


Zonal Fluctuations in the Same Group 

In the following paragrai)hs an att(mii)t has been matle to assess the 
fluctuations in the same gmuj) in the diffenmt zones, nic: averages for 
the Stature and the Cephalic Indi^x togetlu^r wiidi t-heir variations For the 
group Brahmins is given in Tabh^ No. 15 : - 

Tabok No. ir> 

Group Bra hmins Sta<tur<‘and (li’sphalie huli^x 


Zorns 

No. 

Statures 

Moan l;S.t3. 

Oophalh*. !rid(^x 
Moan 

Varondra 

m 

lOa ‘4.1: 4(K» 

HO-l :1; ■3962 

Radha 

370 

10(1 >7^ ‘2907 

79-7 i;-2095 

Samatata 

1515 

107 4J.-1470 

81-3 ±*1002 

Vanga 

550 

106 -9 Jt *2322 

79 -0 ;1; •1604 

Chattala 

3^ 

104-fli: •7490 

77 *7 ;1: ■032*), 

Calcutta 

2tm 

107 *9 *3520 

81-0 i;-2307 
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An aii ilyniH 'Tables n^voals 

(r/*) ^ Tnat» tlH‘. variatit»i b;>,th in tlio Hfcaturo and the Oophalic la lex 
is Hi.miiifieant in thr‘ fbllowin;j; teases : — 

(/*) Sainjiiata. anil Vaji<jta 
(//) Hainaiata and (Jlnattala 
(iii) daleutia and Vanga 

(i>) (laleuita an<l Ohattala 

(h) That tlu‘. variation in the Oi'.phalic Index only is singificant in 
the ibllovving ease-s : • 

(1) Mainatata and Itadha 
(//) Saniatata. and Va-rendra 
(Hi) (Ijileutta. and lia<lha 
(Ir) Vu-naidra and (lhal.tala 
(r) Ibidha. and (lhattala 


T1k‘. |K‘r(HMda.g(^ distribution of the types is given in Tal)lc No. l(>. 

Tabok No. 1() 


(Jrotip Brahmins Per(5entagc Distribution 


SICOHT MKDIUM TALL 


Zom 

No. 

Doli- 

cho. 

Moso. 

Bra- 

«hy. 

Doli- 

(iho. 

Moso. 

Bra- 

chy. 

Doli- 

cho. 

Moho. 

Bra- 

chy. 

V<w’ou(lra 

178 


7*87 

4 *40 

7*87 

28 *00 

22 *02 

2*25 

12 *92 

10-U 

iiadha 

m 

2dl 

5*28 

5*02 

11-25 

25*00 

21 -28 

5*54 

12*07 

11*00 

HamaUla 

I4H8 

0 *00 

2*10 

5*85 

4 ‘50 

25 *27 

28 -40 

2*22 

15 *22 

14 *58 

Vauga 

(550 

2*4(5 

7 *20 

2 *(i0 

11*54 

28*15 

21 ‘00 

5 *54 

0 *00 

9 -85 

Cliattala 

;n 

5*41 

8*10 

0*01) 

24 -22 

20 *72 

21*02 

5 -41 

5*41 

0 >00 

Oalcuiia 

2()(i 

0 OH 

2 *28 

5 -04 

0*01 

20 *()8 

24*42 

1 *88 

10 *02 

17 *(i7 


Jjoaving out ol* eonsideratiou the Brahmins from Chattala on aeoount 
of tlu^ smallness of tho sample an analysis of the Table reveals 

(a) That the medium mesocephals and medium brachycephals form 
tlu^ most numerous typos in the composition of the Brahmins, the medium 
bra<;hyeephals predoniinating in Samatata and Calcutta- Together they 
eonstituto the predominant typo in all the zones. 

(/>) That the tall brac^hycephals are more numerous in Samatata 
and Calcutta. They constitute about 10% of the Brahmins in the zones 
Radha, Vanga and Varendra and about 15% in Bamatata and Calcutta. 

(c) That tli(^ medium dolichoccphals reach this level of over 10% 
of the Brahmins in Radha and Vanga. 
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Vaidyas 

The variation in the Si*aturt^ aiul tht^ (Jophalit^ Index tor tho^ ji^rouj) 
Vaidyafei ond the poreeutapjo distribution ol i*he types an* given in 
Tables Nob. 17 au<l \H ' 

Tahiuo N(h 17 

Group Vaidyas Siatun^ iind (Vphalie Indt^x 


Zoius 

No. 

HtaltU'o 

Oephali' 

n Irulox 




Momi.j 


Varoiulni 

10 

1, -itrtoo 

7H •!{ 1 

1 • 14(15 

JUidiui 

-15 

1(1(1-ii 1. •7f)fi(i 

H(»-0 .1 

■054 S 

vSanvataia 

105 

1(1(1 •:» 1. •ini'J 

HO -ii 1, 

•3(ir.-3 

Vanga 

:m 

l(IK-0.1. •»12l 

70*2 j 

•183(1 

Ohattala 

u 

1(14-l;!. -KdOO 

77*2 I 

•(184(1 

Calcutta 

45 

1(U)-2,1; •8307 

HO *0 1. 

•1070 


TAiUiM No. IH 


Group Vaidyas 






l^‘r(u*niag(^ 

Dist-ributinn 



SHORT 


MWDIIJM 



TAhl. 


SSono 

No. 

DoU- 

cho. 

Moho. 

lim- 

<*.hy. 

c.ho. 


Rra- 

<‘hy. 

Deli- 

clio, 


chy. 

Varoudra 

16 

5*66 

6-10 

4*88 

10 *1)7 

50 do 

20 *75 

4 *88 

12*19 

6*10 

Kadha 

45 

2*22 

6 *44 

2-22 

4 *44 

28 *80 

20 *00 

2 *22 

8*89 

20 *00 

Baiaatata 

162 

0*62 

8*64 

6 *70 

10*40 

21*61 

22 *22 

•1 *94 

14*81 

9*88 

Vanga 

395 

2-28 

6-06 

3*51 

11 *1)0 

24*81 

16 *45 

6 *58 

18*48 

10*89 

Ohattala 

24 

0*00 

8*33 

0 *00 

37 *50 

29*17 

10*66 

4*17 

4*17 

0 *00 

Calcutta 

43 

0*00 

0*00 

4*66 

4*65 

18 *60 

32 *23 

2*23 

23 *26 

16*28 


On account of the smallnesH of the Harnj)leH in the dilfenuit isoiu^s (^X(topt 
Samatata and Vanga a generalisation tiannot made ai)out the inter-* 55 c)nal 
fluctuations. It appears, however, that the variation in the Stature and the 
Cephalic Index is significant betwotai the Vaidyas (rf Vanga and Sanuitata, 
i.e.y the Vaidyas of Samatata are shorter and more rouud-headcMl than the 
Vaidyas of Vanga. The percentage iucidonoo of tluj types shows that the 
medium mesocephals and the medium braohycophals together fi)rin the 
predominant type, the brachycephals being more numerous in Hamatata and 
the mesocephals in Vanga. 
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Kayasthas 

Tlio fijjuH'H lor tlioi grouf) Kayasthaaare given m Tables Nos. 

If) and 20 :— 

Tab1;H No. 11) 

Orou|) Kayantluw Stature and (lc?i)balie Index 


fSfcatnro Ceplialio Index 


Zotn) 

"No. 

Moand:{^,K. 

MoaiiJ-S.E, 

Vnrnndm 

H2 

JOO -Otb 

•027.') 

79-H: 

•4299 

Hcdliu 

2,10 

100-9 L 

•.1<)58 

79 -8,1: 

•2400 


1020 

100-4 I 

•J748 

HI •! J; 

•1227 


(i50 

105*5 1: 

*2312 

79 *3 1; 

•1443 

('linUnlii 

JI2 

J05-1 1: 

•5890 

77 -2-1: 

■3515 

(kilontUi, 

395 

167-(3:L 

•2958 

81 .4;b 

•1927 


An iuialyMm of Tables No, 19 hIiowb :— 

(a) That) tins variation in tlio Ktaiurci and t.ho Oophalio Tndox is 
nignifioant in tJns following canoH • 

(i) Hatnatata and Vfuiga. 

(ii) (tahnitta and Vanga 
(m) (1a.l(*utta aiul Clliattala 

(()) That the variation in tho Cephalic lovlex only is significant 
between : 

(i) H.adha and Kainatata 

(ii) liadha and Vanga 
(in) Itadha iiucl Chattala 

(iv) .[ladha and (lialcutta 

(v) Varondra and Samatata 

(vi) Varondra and Chattala 
(7m) Varondra and Calcutta 
(7mi) Vanga and Chattala 

(ix) Hamatata and Vanga 

(x) fcjatnatata and Chattala 

(c) That the variation in the Stature only is significant in the following 
cases :— 

(i) Samatata and Calcutta 

(ii) Radha and Vanga. 

To sum up it wonld appear that there is considerable variation in the 
Ceplialio Index among the Kayasthas of the 7tf0nos, 






168 Proe. S5th Tnd. He, (hng, : Par/ II : Pre,vdethfial Addirmefi 

Tabi.k No. 20 


Group KayuHthas P<u‘(H^niajj:c^ DiHirihiitioii 


12ono 

No. 

8H()HT 
Doli- Moko. 
cl 10. 

Bra- 

chy. 

l)(*li- 

cho. 

MMDIUM 

Mcho. Hra- 
cby. 

Doli- 

TALL 

Mcho. 

Bra- 

<-hy. 

Varondra 

82 

2 -OO 

(MO 

4-88 

10*07 

20 • to 

20*72 

i '88 

12-10 

0*10 

Itadha 

220 

2-lH 

(! -ns 

2 -48 

10 *00 

27 *81 

21 *21 

4 -20 

10*00 

8-70 

Samatata 

1020 

1 *07 

5 ' HI 

r> -05 

2 *00 

20 *22 

20 *02 

2-It 

12 -25 

11-70 

Vanga 

050 

2'72 

n-so 

4 -55 

n ‘22 

21) *71 

20 *48 

2-10 

12*70 

n*77 

Ohattala 

112 

7-I4 

S'()4 ' 

2-08 

22*21 

27 *08 

8 *02 

8 ‘04 

8 ‘04 

0*25 

Calcutta 

m 

0 -70 

8-(54 

n -20 

5 -Oil 

17 ‘07 

21-08 

2*78 

12-00 

17-21 


An analysiH of tho percentage dintribniion of tiu'i tyiX'H (HhcIohc^m : — 

(a) The medium meHocephal« are more numcirouH tiian tlu^ jnedium 
braohyoephals in all tho zionoH excjopt Hamatata aiid Oaleutta, togtdJu^r 
they form the ])r(xlominant typ(^ in all the ariniH. 

(b) Tho tidl brachycephalK do not contrihiiU' inark(xUy to t!ie (x>tnpo* 
flition of the Kayasthan except in Hamatata and Oahuitta. In Oliattala tluM^ti 
is a sharp drop in tlu^ inei(lem*.e of medium braehyet^phalM witli a. corr<vs- 
ponding rino in tlie imxlium dolie.hoeephalH. In facdi tln^ dolii'lioeephalH 
trfftsQg the Kayasthas in dliattala show a« nuirkcxl in<»r(xiH<s 


Other Hindus 


The oormspoiidina flsitmw 
21 and 22. 

for the 

Otlier HiiiduM 

ar(‘ giv(Mi in Tables Nos, 


Tahi.w No. 21 


Group Other Hindus 


Stature and Ceplialie Index 

Zone 

No. 

Htaturo 
Moan 1 K.K,- 

Ctndilio Ind(^x 

Mean, 

Varendra 

101 

100-5.1- '0217 

70 -2 1: -2727 

Kadha 

228 

im -It J; •.•53.15 

78-7 1 *2022 

iSarnatata 

705 

1(56-S I- 'SOI? 

80-2 1, ‘1427 

Vanga 

440 

1(55 •() ,1; -aHISY 

70 -3 1: -1847 

Chattala 

07 

1(15-OJ: -7802 

70 *7.-1; *5228 

Calcutta 

354 

107-fii -3029 

81 -01; -2105 


Table No. 21 sh iws that the variation btitween the different zouoh is 
not signincant excepting the variation in the Cephalic Ind(‘X betwcuni 
hamatata and Radha and Hamatata and Variga. In other words the Ollier 
Hiindns exhibit a remarkable degree of similarity all over the prpvipet^ 
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Croup Other HinduK Percentage Distribution 

SHORT MEDIUM TAI.L 


ZIon(» 

No. 

Doli- 

rho. 

Moho. 

J^ra- 

fihy. 

Doli- 

cdio. 

Moso. 


Doll- 

olio. 

Moso. 

Bra- 

eliy. 

Varoudra 

loi 

{) d)0 

f) *04 

4 *05 

12*80 

29 *70 

10 *82 

5 *94 

0 *90 

ll *88 

Radha 

im 

;i d)7 

8 *24 

5 *49 

10*98 

22 *94 

14*01 

7 *02 

10*27 

0 *40 

Samatata 

7or> 

1-28 

8 *20 

7*17 

4*91 

22 *90 

21 *04 

2 *89 

11 *82 

8*02 

Vatiga 

Ui\ 

2 d)0 

0 *00 

0*22 

12*87 

27 *47 

20 *82 

4*72 

9*87 

5 *20 

(^hattala 

fi7 

4 ‘48 

7 *4(5 

8 *95 

14*92 

19*40 

19 *40 

’ 4*48 

ll *94 

8 •9.') 

(JaUuitta 


0*28 

2*82 

5 *05 

5 *08 

24*01 

21 *04 

1 *09 

12 *99 

15*82 


Tlio tnain foaturen as revealed by an analysis of the percentage incidence of 
the tyj:) 0 H, Tal)le No. 22, are :— 

{a) A predominance of the medium mesocephals in all the zones except 
Ohfittala when^ the tru^liam brachycoi)hals are equally important and in 
daloutta where the medium braohycophals are more numerous. 

(h) A pcrc(q)tible incidence of tall brachycephals in Calcutta and 
V^u’^mdra. 

(c) Tho (tornparntivc rarity of dolichocephalH in Harnatata and Calcutta. 


Moslems 

The fluctuations for the group Moslems are shown in Tables Nos 22 
and 24 :— 

^ Table No 22 

Group Moslems (Stature and Cephalic Index 


Zono 

No. 

Stature 

MeanJiS.E. 

Cephalic ladex 
MeatiiS.E. 

V^'annul ra 

132 

160 *4 J; *4040 

78 -r-Jc •3488 

Kadha 

119 

160-Sd; -6334 

78-6 ± -3656 

Samatata 

308 

164-Si *3298 

80-ei-2187 

Vanga 

221 

163-li *4012 

79 -Qi -2696 

Ohattala 

70 

105 *4^ *6217 

79 •7±-4669 

Calcutta 

72 

166‘Oi *7012 

80 'Oi •4360 
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An analysis of Tables No. 211 shows : — 

(а) That the 8taturo s(‘{^ms to bo inon' varia}>Io ainon^ th(‘ Mosh^nis. 
The variations betwoon tho following zoiu'ik ainn Hijy^uiiujatit -Sainatata and 
,Vanga, Radha and Vaiiga, VanMulra and Vanga, and Vaaga and (lliattiala. 

(б) That th<^ variations in tho (joj)halio Iiidox ar(^ signifioant ()otwoon 
Samatata and Radha, Harnatata a.nd Varondra, and Radha a.nd Vanga. 


No. 24 

Oroup Moslcins I^‘r(^(^ntag(‘ Distribniion 

mOUT TA,hh 


52 one 

No. 

Doli. 

(tho. 

Most). 

Bra- 

chy. 

Doli- 

cho. 

M(4ho. 

Bra- 

<‘hy‘ 

Doli- 

olio. 

M!omo. 

Bra- 

<0iy. 

Varenclra 

132 

4 -.04 

9 -09 

3 *03 

14 *39 

.34 *85 

10*07 

5 ‘30 

9 *09 

.3 ‘03 

Kadha 

119 


7 -mi 

0 -72 

12‘00 

24 *30 

13 *41 

12*00 

14*28 

5 -04 

Samatata 

30S 

1-30 

9-74 

8-12 

5 ‘52 

28 *25 

25 *97 

4*H7 

7‘79 

H *44 

Vanp;a 

221 

e ‘90 

U *31 

9 *05 

9 *or> 

25 *79 

21 ‘72 

.3*17 

13‘12 

5*88 

(!3hattala 

70 

2 ‘0.3 

7‘H9 

9 ‘21 

U‘2l 

23 *08 

25 ‘00 

7*89 

9 ‘21 

5 -20 

Calcutta 

72 

1 ‘39 

9 *72 

2 ‘78 

8 *33 

29‘17 

23*01 

4*17 

15‘28 

5 -55 


An analysis of tho por<‘.ontago incddt‘nc(' brings out thc^ following fiK'tfS : - 

(а) Tho mocliinti niosociophals are th<5 most uiuucm’ouh group eK(*c^pt 
in Chattala where tlu^ inodiuui, bmehyeepluils an^ piH^stnii- in gri^vti^r nuinb(n‘s, 

(б) Tho tall braehye(<>phalH show a inark<‘d fall in t.hoir iiu4d(MU‘e in a.ll 
the zones as compared with other groups. 

Here grave doubts and despondences overwhelm the investigator. lie 
realises that the criteria witti which lu^ Ins been as-ict^dng the inter-group 
variations are not unfailing guides. It api)oars that zonal ef)n(litii>txs play 
a considerable part in the origin of diuituations. 'They ar(^ not only affocjted 
by zonal conditions but by their very nature liave («)-efii(4ents of variabi¬ 
lity which are not negligible—in the Hories under (‘onsidcTOtion tlu^ C!o-effi- 
cients of variability arc found to \h^ 2.5 tor the STaturo and 5.0 for tihet (V^j dialic 
Index—and in tho iutorpretation of tho (indings chu^ allowaruuw will have to b(^ 
made for these fluctuations. Like all laboratory diagnosc^s of l)i()logical pluuu)- 
mona these findings should lx*! taken with a grain of salt, minor variations 
neglected and only the major ones stressed. Olds brings tlu^ (U^sign oftlu^ 
survey into prominence and not tlu^ nuddiod us(«Hbr analysis. Kor further 
work the zones should bo split up into smaller uuits with known environmen¬ 
tal conditions to enable the future work(U’ to assfvss tlu^ (‘.ffeets with gn'iat('ir 
accuracy. 


Tho next stoj) should bo an attempt to ass(',sH m irum-sureablo 
terms the respective parts played by group variations and zonal fluctuations 
in determining the Stature and in moulding tho he^ad shapes in the grou])S 
under consideration. For illustrating tho problem lot us (sompan^ the figures 
of variations for the groups—Brahmins of Samatata atul Other Hindus of 
Samatata and Brahmins of Vanga (TaiWo No. 25), 
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Variation— 

Variation— 


Staturo 

Oeplialic 



Indox 

BmhniiuH of Kmnaia-ta and Ot-hiH* Hhidiw ol’iSamatata 

a-J J. -2.50 

1-0 ,b*l74 

JJrahuiiaH ofSainataiu and BmliminH of Vanga 

1 •.'51 

l*82i: -IHl 

JJrahinliiH <d‘ V'anga and OUuir lUiiduH iifSainaiata 

■:m 

(1-821: -205 


Aa ((xamiaiifcioa of tilm Ta[)lo hIiowh tlmli ;— 


(«) 'I'lu' variation in tiio NtalAirc betweou the Brahmins of Sainatata 
and tli« Othor HiadiiHofiSaamtata is greater than tho variation between the 
Brahmins of Saniatata and the Brahmins of Vanga. 

(h) ^rho variation in the Stature i)etwcon tlie Brainnins of Vanga 
and the (.)thor Hindus of Samatata is small and not significant. 

(c) The variation in tlio Cephalic Index between the Bpahmins of 
Samatata and the Brahmins of Vanga is greater than the variation between 
tixi Brainnins of Samatata and the Other Hindus of Samatata, 

(d) 'Plu' variation in the Cephalic Index between the Brahmins of 
Vanga and (ilio Other Hindus of Samatata is smaller than the variation 
Ixitween the Brahmins of Samatata and Other Hindus of Samatata. 

Can wo aftpoi-tion the exact part played by each of those factors in the 
formation of tho variations? To this (luostion there is at present no answer 
ami noms will bo fortkioming until an Einstein of Biology is matured in tho 
womb of time. 

It may seem a pity that so much time and toil should have been spent in 
trying to ehicidatc a problem wlvich in tho final analysis baidks solution. But if 
wo look at the proi)l(nn from anotlusr angle quite a different picture emerges, 
In our search for variations wo have boon baffled time and again by tho mass 
of resemblance shown by tho different groups in tho different zones. The 
complete graphs for the Cephalic Index for the different zones are published 
in Diagrams Nos. 2, 1$ and 4. The graphs for the zones Radha, Vanga and 
Varondra show a single peak at 78.5 and tho left halves are almost similar 
to tlu! right halves. In fact they run so closely together most of the way that 
for all praeticial pur|)osos they may be nigardod as identical. Tho graphs for 
fcJamatata and Oahiutta, Diagram No.are also strikingly similar. Apart from 
a shifting of tho poak from 78.5 to 80.5, probably a result of braohycophali- 
sation in nitu, there is little to rlifforentiato them from tho graphs for the zones 
Radha, Varondra and Vanga. Tho graph for Ghattala is completely different 
with peaks at 72.5, 75.5, 78.5, 80.5 and 85.5, probably indicating the segre¬ 
gation of tho factors for head shape. Ho it seems that it is only in the border 
zone of Ghattala that the variations manifest themselves to any perceptible 
degree. The Delta or Hamatata including Calcutta is well on the way to 
achieve homogeneity and the zones Radha, Varendra and Vanga have 
achieved a degree of homogeneity that is remarkable. To what factors then 
may wo attribute those remarkable resemblances ? It may be that in Bengal 
the institution of caste is a later development imposed upon a people who 
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were well on the way to aoliiove homoKoneity. I'lie t( 0 UHi<liirat.k)U of thw 
problem Ih beyond the i)ale of phynittal antliropology and falls into the 
domaiil of socml history. Or, it may bo that onviromnontal eonditious 
have in the past moulded and are still niouldiuff the stature and head shape 
of the people of Bengal to produeo a eominon l>i()logi(!al type. 

Whatever may bo the ultimate answer to the (piestious suggttsted above 
the tact that a groat degree of homogeneity exists among the Bengalees <‘,an 
not be gainsaid. This is a eonelusion of the utmost importancte. At the 
present moment they ar'(\ faeod with the immediatcj and urgent prol)ltmi of 
orientiiig th.de so.uety to suit tlio noods of a frontit'r people. The linguistic 
and cultural bonds which bind them together will b<» hirther strougthenod 
by the realisation of the ethnlo unity shown above and may help them 
to a certain extent to achieve more (piickly and more smoothly the 
transition to a eastelcss and orcodless society esscmtial for tluf ushering in of 
the brave new Bengal of our dreams, a united, mighty, prosperous and 
progressive Bengal, which will be a living embotlimont of the gospel of peace 
on earth and goodwill to man. 

Thus with much doubt and many denials the investigator at last gains 
a viewpoint from whence he dimly sees the emergence of a united i)eopla, 
only to find that the poet, with his proi)hetio vision, has long antics ipated him 
in the quest and ho esan do no hotter than eloscs his address with the memor¬ 
able iines from Rabindranath :— 


"fif. c’ltMn, 
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SECTION OF STATISTICS 


PitKHiDHNT-M r. >S. N. Roy, M.Sc., P.N.I. 

Pfesideniial Address 

AN OUTLINE OF SOME MODERN THEORIES OF 
STATISTICAL INFERENCE 

{Delivered (m Janwtrt/ 3, 1043) 

I takes it tluit uftoi- hokus of the milly distiiigiiished nion in the field 
in India have had their tiiriiH, the ehoico for the PreHulentship of the Section 
this year haw doseendesei on one who in merely among the numerous humdrum 
workers—one who has moved about in a particular corner of the science, 
useful though that <(omer is su[)poHed to he. Pro-sumably not quite uimatural 
at any time, this is |H'rhaps in(‘.vital>lo atatime when all sections and interests 
an' sought to be giv(in some .say through representatives, important or 
unimportant, and in any discussion the not is sought to bo flung far and wide. 

(IkNERAL iNTROntrOTION 

Within the last thirty years in particular statistical inference has acquired 
a technical sense wliioli is more or loss understood by workers in various 
branchoH of statistical science, but is not perhaps so well-known to workers 
belonging to the different cognate sciences. While statistical inference is 
concsoivod in the realm of I'robability and expressed in the language of proba¬ 
bility, all ])robability statements, in fact many of the asual types, are not sta¬ 
tistical inference. Awareness of the central problem here and attempts at a 
solution of it can bo traced as far back as Bayes’ theorem and the investigations 
associated with it, in which various mathematicians and statisticians of the last 
couple of centuries inchiding Laplace himself have had their share. Inferen¬ 
ces made from a sample of actual observations—either pure random or random 
under qualifications—about the universe sampled, form the subject matter 
of this branch of statistics. Such inferences have two distinctive features 
wliich place them in a certain class among inferences in general. In the first 
place they relate to group or class properties of the universe sampled and are 
not concerned with spccifit! individuals as such. In the second place and it 
is here that a good deal of reorientation has como about since Bayes’ epoch 
they aro expressod in the form of probability statements in which the proba¬ 
bility is not related to the truth or otherwise of the particular inferences 
themselves as among a totality of possible inferences, but to the capacity of 
the sampling procedure to hit or miss the inference, if it were assumed, ,to be 
the right one, or to discriminate as amongst possible inferences, when one, 
might be right and tho others wrong, in general to the position of the sampling, 
procedure vis-a-vis the particular inference or the totality of possibleinferences. 
The description of the universe (sampled) in terms of a frequency or probabj- 
Uty distribution of one or more characters is technically called a statistical 
population and fh® batch of individuals actually observed andlq!.b®lled in Jenna 
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of the character or characstorH in called a Htatistic^al wainplc. While the physi¬ 
cal operation involves a passage from tlu^ population to tlu^ sample, statistical 
inference involves in a (iortain sense a retra(!it\g of the Hte}>s and a concep¬ 
tual passage from the sample to tlu^ population. Probability statomonts, 
whether made in the context of then first passagi^ or of t.h(^ wH^ond one, relate, 
however, in either casc^ to the sample or samph^s. As ohserviMl earlier, this, 
while well-known to statistical workers, is lik(^ly to be ofttui miHS(‘d fiy workers 
in other domains whore statistic^al tools might bt‘ lusshsl. 

This talk will be oonliucd to the modern te(*.hm((ui‘ of statistic,al iidorciUH!! 
of which by far the greater piivt has developed within tlu‘ last 125 yi^ars or so. 
The rudimeutB of the te(‘hni(pie ejin, howcv<‘.r, be tra<‘tKl ba<*k to tlu*! work 
done towards the cud of tlu’i 19th century and the lirst (juarter of tlio 2()th by 
Karl Pearson and his school along thre(‘, diffenmt liiu^s (to tlie first of whic?h. the 
Scandinavian school has also contributed metliods of tluur own), (i) Hio first 
line of development has been the evolution (in whicdi th(^ Scuindinavian school 
has also shared with systems and methods of tlieir own)ofa fairly flexible system 
of frequency curves for statistiiuxl dese.riptions of univariate universes, and 
a method of graduation of observed frequency data in t(unns of such curves, 
or, in other words, a procedure for statistical itdcrcuKH' al)f>ut such univorsos 
in the light of observations ; (ii) the second lim* is (‘.ontHU’ued with more than 
one variate and a study of the nature of the eomu‘<‘tion betiWiHUi such variates. 
Here, apart from the evolution of some suitalile fr<H|uen(\vlawK for pur[)OH<^s of 
graduation, the most outstanding cuintrihution of Karl Pc^arsoifs scsliool has 
been the dovolopmout (from an c^arlior and rudimentary state) of th(^ con¬ 
cept of statistical association b(’ttw<'en two or mori^ sfiatistii^al variates and 
suitable measures of it, appropriate at any raUdo C(U’taln K|KHual but important 
situations. This statistical association is a logical (^xtimsion of tb<^ ohh^r notion 
of causal connection which was naturally found tnuch too rigid in many 
domains of the physical world, (iii) The third line whi<^h, in tlu^ progress of 
science, has been equally fruitful, is coiuxtochI with, a tcH^lmique of judging 
any hypothesis in the light of observations when the frecjuency distributions, 
whether under the hypothesis or for the atdual observations, are over classes 
which might be either qualitative or quantitative, the tcclmi<iuo, howovor, 
being especially suited to the former case* Tlio thiixl lino is (joncornod with 
the manner of inference, the first with both manner and matter, while 
the second is mostly concerned with the matter in situations 
involving multiplicity of factors. Within the last thirty years the subject has 
no doubt made enormous strides leaving the older signposts far behind, but 
m course of this development much of the earlier work has played a signi* 
fioimt role. As in other sciences so also here, the urge behind the older 
^ohmques has been self-propagating, while an awarem^BS of their inadecpiacy 
has been an incentive to perpetual and fruitful modilicnitxonH. 

modern epoch may be perhaps said to have started with, the 
work of Pisher and his school. It was recognised quite early that tlu^re are 
reaUy two facets to the main problem, on(^ relating to the manner of collection 
01 the sample suited to the requirements of the particular typo of inference or 
hypothesis, and the other relating to the best utilisation of the data collected, 
iorpuij)Oses of the inference. The first one which concerns the pro-sampling 
stage has come to be technically known as the theory of planning or 
design, of experiments while the second one is called the theory of 
proper analysis or interpretation of such data. In his presidential 
Mdr^ess to the section of statistics of the last soienoo congress 
ir'rot. K. C. Bose gave a full and adequate account of the first aspect of the 
general problem and the steps takeri^ in the direction qf a solution , He dealt. 
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also with the hocoikI aHj)oot, specially those parts of it more intimately 
related to tJie first one. The present talk, therefore, will be mostly concerned 
with the broad outlinoB of the second aspect with a slightly more detailed 
reference to such points as have occurred to tho speaker in recent years. 
In giving a sketch of tho modern theory the historical order which perhaps 
gives greater insight into tho processes of evolution of the theory, will be 
followed rather than tho purely logical order, which, while showing the 
(>arlier results to bo m(U‘e spc^dal cases of tho later results, does not, however, 
(juito briiJig into prominence tho psychological routes of generalisation. Excep¬ 
tions, novertholoHs, will be made in certain cases to avoid undue repetition. In 
this dovelopmont throe land-marks are noticeable, (i) the theory of estimation 
duo to Fisher and his school, (ii) the theory of testing of hypothesis and of 
estimation by (ionfidence intervals due to Neyman and Pearson, Neyman, 
and their school, and finally (in) the unified and general theory of statistical 
inference duo to Wald and his school 

Wo can start from a set of n stochastic variables {Xu sometimes 

written for shortness as with a probability distribution 

0^ ll dXi (in the ease of continuous variables) 

and. simply ... ; 0^, 0^, ... 0^ (in the case of discrete variables), 

the expressions being womotimes written for shortness as fj!>{(a;<">) ; (5<’‘')}(i(a;<">) 
and 0{(a!‘"*) ; (fl*‘‘’)} rospootivoly. Jb’or continuous variables 4> is called the 

probability density. If it takes the form II ... ^k) we have the 

spociul but very important case of n random and independent observa* 
tions from a population of tho form/(a!; 0^,... 0^). In this sotmp the main 
objectives in the case of any general ^ can in the first instance be formulated 
as (i) guess about ^ covering both its form and the parameters (0<'‘*) 
this guoss being made in the light of (*<“>) of which a special but important 
case is (ia) guess about ((9i‘‘>) assuming ^ to be a knowir form, and (ii) test¬ 
ing again on tho basis of (a)'"') any hypothesis concerning ^—both form and 
((j(i))...._of which, a special case is (iia) testing any hypothesis about (0^’) 
MjgHinnin^ ir the form of ^ to bo known. For each of the cases (i), (ia), (ii), (iia) 
the central problem is to devise an optimum procedure for reaching the ohjec 
tive. A prerequisite for this is that the optimum itself has to be defined \ 
and it has been naturally defined by all theorists in terms of properties of the 
probability function itself. The guess (i) and (ia) may be either 
specific or broad, tho latter denoting that ^ is to be assigned to a ckss 
(discrete or continuous) instead of being assigned a particular form. Like* 
wise, testing hypotheses (ii) or (iia) may also be either specific or broad in hhe 
same sense as indicated for (i) and (ia). The earliest attempts at a solution 
of (i) were duo to Karl Pearson’s school and the Scandinavian school. By the 
very nature of things this could not but bo very rough at that stage. Sinw 
then some further progress has been made in this direction particularly in 
recent years, but even to-day, owing no doubt to the very great difficulties-* 
both mathematical and oonceptual-the subject remains in a very rudimentary 
stage of development. Coming now to (ia) , it was Fisher who first set out 
to attack the problem in the case of a specific guess, and 
loped what may conveniently be called a theory of point estimation, mile 
his definite objective was limited to this partieffiar situation, the concepts 
and technique that he introduced were, hbwever, to prove of farjwider 
signifioanoe and usefulness, covering in fact the whole domain of statisticaj 
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inference. Thin is but another example of a pluuiouu^uon met with in various 
other branches of positiv(*! scietUH'S. Kinher Iat(‘r attmiked the problem {ia) 
in 6o far as the guess might ht^ broad iustea<l of S[)e(uH(^ but iti this he intro¬ 
duced concepts and nx(‘thods based on wlutt hc^ (*all(Ml ftdmial prohahilitieH 
which arc ptu’haps a little outside the domain of ort hodox prol)ability Partly 
for this and partly beesause his methods in this tvgard do md. fit into th(>< 
general scheme considered here, his proctaluni in i»lns situation will not Ix^ 
(liscuHScd ill the present talk. Neyman and Pi^arson and tladr scliool attaid<ed 
the })robIoms (ii) and (iia) with spee*ial sin^ss on (iia) both for spcaafit* and^ for 
broad hypothesis . The concepts and methods us(*d were* bedbre^ long ntilised 
by Neyman to attack tbc probhmi (ia) for broad giusss or what 
is te'chnioally known to-day as (estimation by emifidmer. inivrvah, which 
will be dise.ussod in course of this talk. Turning again to (iia) a spcciH<5 
hypothesis is termed a simpk hypotheMS and a hroatl one*, a comptmiir hypo* 
theffis. Tests of composites hy[)othcsis in various pa-rticubir e-nses had pretty 
long boon in use but it was Neiyman anil l^earson who first made^ a syst-emiatie. 
investigation of the nature of the problem and the* couelitions and natures 
of possible solutions and the basis for a e?hoi(ie of the optimum amongst thorn. 
This concept of a composite hypothesis and a suitable* te<*lmi(pic for testing it 
could well and perhaps may have in facjt suggestenJ that th('» guess undcu* (i), 
and the Jiypotliesis under (ii) might he also in otlu'.r ways relaxed from 
‘specific’ to ‘broad’, and further that (n) might hy proper aelustmentsbo 
broadened to ineJude*. the so (‘all(*d ‘non-[)aram(‘trie.' castHS of te'siing of hypo¬ 
thesis on whiedi a good deal of work has l)ex*u done* in ree(*nt years and of 
which the most outstanding early example* was the* X^-test alr(*ady m(‘Uiioned 
under the third line of work done by Karl IVarson's sehooL To Wald atid his 
school is due a gemeral th(u)ry of statistical inf<‘r(*neH*, eon(*<^ptually and 
philosophically adeepiate*, but u’latliematietally pliysie-ally ye*t evolving, 
in wliich the problems pos(d imdeu* (/), (ia) as wedi as uudeu* (ii) and (im) are 
supposed to be either spoedfk^ or broad (as indituitexl oarli<*r), and are the^n fuH(«i 
together after some further gemeralisatiou in content, ''fo this school is also 
due another important dewelopnumt in statistical inieixme^i*, now known as 
seq^uential analysis which, unlike all earlier theorie^s bascMl on sampk^s of a 
fixed number n, involves a proceedure in wbieh obseuwations are takc^n ones 
after ahother, whether the Hucjceeding obsorvaton is to be taken at all being 
dependent on what the preceding observations have been likt^ Tlu^ progress 
achieved so far seems to be but the beginning of a fruitful process projecting 
far into the future, of which, apparently, the end is yc^t a long way off. 


§ 1. PuanmiNARiBs 


Certain notions and definitions might be introduccxl at this stage as a 
preliminary to the dovolopuient of the gcn(u*al tluHU’ies* ],f 


where TjS=Fj(a!i, 


; 0 ^, 0 .^^ ...^4) tin* form 
with i -1, 


..( 1 ) 

.(LI) 


then the set (T^j Tg, wliich might be denoted by (T<'“^) is called a 

shared sufficient set of statisites for the parameters (0^^^). It may bo that 
m'>or^or<k. A case of great physical interest is where I, 


When 

with 


a!,, 


..( 1 . 2 ) 

. .(L21) 
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lu thin caK(5 T in (nilkul a Huff icioui HtatiHtic for 0. Kithor {I) or ( L2) in a fairly 
Htringont rowtriotiou on 0, which moans that sufficient statistics would not 
ho often availabl<\ Two interesting properties of sufficiency, whether in 
relation to (I) or (L2), may bo noted here. 

(/’) If is a Hharetl suffuucmt set them where (with 

f will also be a shanul sufficient set, and in particular if T is a 

Huffioitmt statistics tlum any furm.tion of T will also be such, {ii) There cannot 
bc\ any shared suffieicMit sot (T^'“^) which is not of the form XT, s /j 
and any suHic-iciut U whiclt is not a function of T. The original definition of 
l^^isluu* was physically more illuminating but less tractable. (1.2) has since 
bc(m shown to bi^ c'xa(‘-tly c(|uival(mt to the original definition, and (1) is 
merely a proptu' gcmcralisatiori of (1.2), retaining the main concepts. 

Tlic next [)ndiminary is tlu' likelihood concept. regarded as a function 
of (;«f’‘^) may l)o (‘.allod probability dt^nsity liinctiou (for continuous stochastic 
variables). I'his same (l> regarded as a function of l>oen called tlu^ 

‘likelihood function’. IHuit way it has certain interesting properties to 

A 

bo diseuHsed laku*. Given the unique values of ^^^(^=^1, 2, ,,,k) in terms 
of (a;<*^>) that is, 

(;r„ ...:rj(i-=l, 2, ,Jc) ..(1.3) 

which maximise <!> (pr<>vid(Kl that such maximum exists) arc known 
as the respective maximum likelihood estimates of (0^, 6^^ ... 0^). 
When h w I such a uniejue 0 would exist under certain mild restrictions' and 
would be by ch^fitn'tion a maximum likelihood estimate of 0, This moans that 
a tnaximum likelihood estimate would be much more often available than 
a sufficient statistic?. 

§ 3. I^^isheh’h Thboky o.tf Point Estimation 

.ViHh(?r’H theory of point estimation may now be taken up and for simpli¬ 
city (without much ossemtial loss of generality) the discussion may be confined 
to only one parameter. 

The criteria defining the 'optimum’ and providing a basis for its choice 

arc : 

(a) Consistency, Let {T(n)} denote a secjuence of functions, the n-tla 
one being based on a samx)le of size w, and all being of the same form. Then, 
given arbitrary small positive numbers (e,^), if an cad' be found 

such that 


1>{ |TC/t)--^;i if 7^>?^o(e, ri) , .(2) 

then the sequence {T {n)}m said to stochastically converge to <9, or T is said to be 
a consistent estimate of 0, While ruling out many statistics it will also admit 
quite a numerous class of estimating statistics. * 

(b) Efficiency, Among the class of statistics fulfilling (2), the further 
choice of (if possible) one by elimination of the others is guided by the con¬ 
sideration of rapidity of stochastic convergence, or, if we look at it in a slight¬ 
ly different way, the stability of judgment. Consider an important subclass 
of the class satisfying (2), which fulfils the further condition that ^/n (£{n)^d) 
is. approximately normally distributed with a finite variance. ' . ..(2*1) 

This is related to 'Laplace’s central limit tendency theorem’ and • would 
hold .whenever T(n) could be written as the sum of n stochastic variables 
(not neocss^firily the original set of x^i ...ajJ being only subject to those 
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cjonditionn tmdor whi(ih Laplacto h ihc’toJrein holdn. Thv (^oadition, thcroforo, 
while more restrictive than for (2) is yet not very stringtHitu Then, if there is a 
sequence {T(?i)} such tliat for lar^^e n and for any other {T^ (w)} fulfilling (2.1) 

K\\/n(r{n) 7;)P .<rX K| ..(2-2) 

T is said to be an officfieut statistic (for estimating (/) and tlu', effieieuey of 
any other statistic. T' is measun^d by Tliero inigld. b(‘. moro thati 

one such satisfying (2,2). Among the Hub-(*JaHS satisfying (2. t), that or those 
satisfying (2.2) would obviously havt^ th<‘ gr(‘at(^st rapidify of stochastic 
convergonco given by (2) and would thus b<' o[)timum. 'I'lds is b(^<mnH(s for tlu^ 
normal law, probability is immediately and in a v(*ry siniph^ maimer 
related to variance or (greeted second monuMit. (>Jt(M‘ion (2.2) may even b(^ 
offered for those statistics not satisfying (2.1). but for any probability law 
other than normal,probability wotdd not he relaltMl to variatjce by an exact, 
simple and general rule but by an imHiuality relation given by Tstuiebyt^heff’s 
theorem which would not provide an exact basis of ehoie(‘ as amongst rival 
estimating statistics. 

Criterion (2) is subject to the limitation that it is an (m^ntially large 
sample concept under which wo admit an estimating statistu^ even on small 
samples if it behaves in a particular manner on a large? sample. (Iriterion 
(2.2) which again is a large'sample concept, besides the limitation of (2.1), 
suffers from the further limitation that although properly speaking, we should 
say that T(n) is not worse than ''r'(w.) as based on a largo n, wo sjwjak 
nevertheloBS of T not bcaug worse than T' even for small n. 

A criterion whmh, while retaining i\H\ basic (joruuDpt of eflicJeiuy, Ixujotnes 
free from large sample asHiimptionH was thus called for and was actually 
supplied by Fisher. Tliis will bo taken np at a slighliy laksr stage. M('anwhilo 
turning to (2.2), wo may note that if tluu’t^ arc? 'C and 1!*' not nociesHarily satis- 
fymg (2.1), of which T satislios (2.2) while T' may or may not, then 
the correlation coeifioiont between T and T is equal to (r/cr'. Wo turn next to 
the relationship between snfficdency, and maximtim likelihood statistic 
on one hand and the criteria (2) arid (2.2) on tin? other hand, (i) For 
sufficiency we note that if (1.2) holds we can usnally choose a suitable 
function of T (which itself would be by definition a sufficient statistic and 
may be called T without any loss of generality) which satisfies (2); in this 
sense we may say that a sujBfioient statistic is also (?onsistont. (ii) We note 
further that ^ a sufS.cient statistic under (certain mild r’ostricticms is 
also efficient in the sense of (2J.) and (2.2), For maximum likelihood 
we note that under certain conditions neither too mild, nor too restrictive 
the maximum likelihood statistic is both (iii) consistent> and 
(iv) efficient in the sense of satisfying both (2.1) and (2.2). Condition 
(iv) thus enables us to (a) test whether a given statistu? satisfying (2) and 
(2.1) is also efficient, (6) If not, what is its efficiency, and furthermore (c) 
gives us a simple procedure for getting hold of an efficient statistic,. It may 
be noted that neither (a), nor (c) would ho forthcoming from (2.2) as such. 
The fact that the maximum likelihood statistic possesses these properties is, 
therefore, of the greatest practical significance. As between the sufficient 

statistic T (if (1.2) holds) and the maximum likelihood statistic 0 W6 note 
that a consistent sufficient statistic(if it exists at all) coincides with the maxi¬ 
mum likelihood estimate* Part of the large sample theory of effioionoy, for 
instance the optimum properties of the maximum likelihood statistic, rests 
on the further assumption that the variance of the estimating sfcatMe 



s free from the paramotor—a more stringent assumption than the mere 

large sample normality conaition. 

To take up next the problem stated at the beginning of the last para- 

sample oonciept with a (piantitative measure which he called mfoimat 
and which is given l>y 

/ 3^ \ ^/ 1 3A“ 

I (sami)lc')-.-.t ^^2 log I dO I 

T) 

, / a* \ „/ • 0/\ ‘ 

(single olmervation)3ss - M ( • log/ j -E { f j J 




where the probability functions for T and i; ijri l) and f(x) respectively. 
This 1 possesses J a sot of remarkable properties :-(a) Under the large sample 
normality assumption (2.1) for T(«), 1(T);-- / yarmnee of T (b) l(samge) 

> I (single observation) > 0 and ; ^ 1 (ih) if the stochastic variab es 
indopondont, and - n^, if further each of the stochastic variables 
follows the same probability law, i.c. it they are a random sample from the 
same population, (c) 1 (sample) >1(T)>0 the first mequ^ality bemg an 
equality when and only when (1.2) is satisfied l o. when T is a sufficient 

statistia The small sample effioioncy of any statotie may be defiimd as 

m m--Mil (sampleXl, there bemg equality if T w a sufficient 
Siltil: We may furthor^cb^^^^ an L(T) by {l(8ample)-I(T)}/I (sample). 
Properties (a) anc'Kb) justify the name information being given to expres- 
Sons f‘> ‘11 and property (o) justifies the name ‘sufficiency’ bemg given to the 
conditiem (1.2). ^This his been all proved. It is conjectured but has not yet 
been fully proved that when there is no sufficumt statistic, then under 

oortain mild restrictions, («)L(^) <(any other statistic^, and further that 
in small samples 

L(^) < L (any other large sample efficient statistic) 

< i. (any large sample inefficient Htatistic)<l, while as oo, 

]j(^)->L (any other large sample efficient stati8tic)->0, but 

L (any large sample inoffioient Htati8tic)->g>0. 

Wvtenaion of the theclry to the multiparametric cases do not involve any 
Sal Thange in the concepts. Necessary adjustments in the mathema¬ 
tical procedures will bo needed, but need not be discussed here. The on^ 
poittt^of interest worth mentioning here is the po.ssibihty of a concept like 
ooSformation for parameters 6, md.d, which can be expressed in terms of 
the information matrix. 

..(2-4) 




, Por uniparametric oases the recent development of the bf 

estimation have been alon^ two lines, (t) generalwtiQns of exjiressions (2.3), 
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wliile rotainiiig proportion {a), (b) and ((?), arid (ii) gi^iu^raiiou by opi^ratloun 
(including difforcmtiation) on <t> of Htatintion with rnininunn variancui 

A 

when 0 itnolf may not be* nuoh, no matt<!r wlu^thor tho numph^ in 
nmall or largo and if largo* wlu'thor tho largo namph' normality 
condition is satisfual or not. WlnU^ a. gnnit many iut<wHting 
resultB havo boon (m)lv(Hl wo hav<» to rtdrain Irotn imdiuling thcmi in thxH 
sketch partly for shortncHH of Hpa(H» ami |)artly bocaimt* su(‘h (h'vx^lopimmtH do 
not affect the main ontlinos of tlu^ sohonuH as ooncuHvod lua,’o. Similar nnnarks 
would apply in th(‘ main to tb(' devcdopimsits in the miiltlpara.m<‘tri<^ (^aH(‘H, 

§ ♦*}, Njoyman and Pkahhon\s TriKOHY oK^riosTiN(; or HvroTincsrs 

A. (jlMNKKAn 

Neyman and Pearson’s theory of testiiig of hypotlu^sis may b(^ takcin 
up next. If tho possible alternative hypothosc^s eoricorning ^ can l)e asHumcKl 
to belong to a class il * and if be the pariicudar hypotlu^sis in (luestion 
while H is any other alternative (both belonging to U), them and 

will be the respective lyobability laws. A sample (x*,, .nj, or (a:^">) 

will be represented by tho point in tlie sample spacK^ which will 
represent the domain of the totality of all possible samples. Any subdomain 
or Hubspaoe will be rof)res(Uit(‘d by (W^”^), E„ lying in W'"’ will btwlenoted by 
and the probability of such a thing hapfU'ningon the hypothms ft 
will bo denoted by 1,^(E„ The procH^dun^ hero consistH in a rule or 

tost based on any region (to b(^ <?alle(l th<^ critical r(^gi(m) smih tliat(i) if 
wo reject Hq, (ii) if E,j not^; w<' u.(*(*<^pt rnh^ is ju<lge<l in 

relation t6 any alternative U l«»oping in vi<uv t-he jKmMibility of being 
false and B. being true, ‘^fhe^ oritt'rion* in this situaticui, declining the 
‘optimum’ and providing a basis for its t^hoicu^ arn^ that (a) tilu^ ndt^ or tf»st 
must bo such that chanc(» of rejotdiion of wh(m it is right must be (Hpial to 
a proassignod a;(< 1), (b) by tlie test or rid(^ the (dianec^ of rtyeijtion of when 
it is right must not bo greater than its (?ban(^e of rejec^tion when it is fals(s 
and H is true and lastly, (e) when Hois wrong and II is right, the<^luuiect 
of rejection of H^by this test must not he less t.han th(^ itorresponding (shatmt^ 
by any other test satisfying (a). 

In symbols 


(«) 


..(3) 

Q>) 

P(E„OT<“'/a)5.P(E„e«><“VH„) i.(‘. 

..(»•!) 

(«) 

P{E„ew''”/ H) > P( H) 



for any other satislying (»‘^). 

Any satisfying (3) is called a mUcul roqUm of tsr;c <v ; if it satisfies (3.1) 
the associated tost is called an unhUmvd M of li(, with r(\sp(ujt to tli(» 
alternative H ; if it satisfies (3,2) th(^ assocuak^d t(^st is (tallc^d a nmt powerful 
teM of Hq with regard to the alternative H. 

It has been shown that a region dc^fined such that 

inside ^ x 

outside : <j>H < X ^uo 

where A is chosen such that (3) is satisfied, is one which (usuaWy 
unique) satisfies (3.1) and also (3.2) in rclatioti to all alternatlYe 






m 


rogiorw H'lti.slyiug (;>). TIuh, tlioroforc^, j)r()vicl(\s an uubiasHod and 
most powerful imi of H,, witli n^gard to^ tiio alternative H. The location 
ot thiH optimum e-riti(uil in the miittplo space depouds, therefore, 

tipou both H(jan(l li (apart from a), and Tn«y be donotod by writing as 
(«, 11(1, H), The A of (;b:i) also depends on a, Hq and H and this 
deponchmeu’t also can be. sometimes (jonveniontly exprosKsed by putting 
A-rA(ej, ilfljH). Su(^h a region is almost always available. 

Turning to w<‘. not(‘. tluit if (as will not often happen) the location 
of <l('!lin<‘.<I by (;b;^) l)(*(U)ni('H free from H J.e., if it dc^peuds only on a 
and Ho and can thus l)e written as w^‘’>(a, Ho), we have a region which, 
while loeattal independently of H, satisfies all the oonditioiis (3)-(3.2) forallH 
within tfu^ domnui of alternativ<^s ii ; such a region or rather the associated 
tost tnay be e.all(Hl (after a slight extension of Ncymau^s terminology) 
a uniformly unbiassed and uniformly most powerful tost for all alternatives 
within the domain h\)r the so-called parametrici oases where the class 
of alternatives relate to the set the form ^ being assumed, such a test 
may be available! dc^pt^nding u[)on the form of ^ but when the class of alter- 
nativ(^H might involves variation of ^ as well, or might belong to the other 
so-called non-param(d.rie. (‘.asos such a tost may not perhaps exist at all. 

UK PAIfcAMKTRlO ClASnS—StMeLn HvPOTHBSIvS 

Turning to the paranu^tric cases, i.e. those in which 0 is assumed while 
th(\ class oi’ alt(^rnative ^ relat(’> to the sot wo may note several important 
results and dev(dopmeiitH. (Consider now the nature of the relationship be- 
tw(Hn)i power of a test and suffioumey (if it exists at all) on one hand and 
likelihood on tlu^ otlun* hand. For this purpose wo can (without unduly 
alT(H*.tirig tlu^ g('in(^rality of the n^stdts) conHiclor for simplicity the* case 
of one paramciter aloncs i.e. when the set is simply <9. 

(i) ft has b(Hm showri that if (fpr estimation of 0) a sufficient statistic T 
as defined by(l .2) (exists thouunck^r certain mild restrictions it will also provide^ 
a uniformly unbiassed and uniformly most powerful test for H (^9=<9o) 
any rate one siujh with regard to the class of alternatives 0>0q and another 
for 0<0q or perhaps different tests for different subdomains of the Q domain. 
Likewise if a uniformly most powerful and unbiassed tost exii^ts in the sense 
}ust indicated, them, unde^r certain other mild restrictions a sufficient statistic 
would exist, and the one will bo based on the other. Extensions of 
this to several paremetors do not present any further conceptual difficulties 
but may give rise to mathematical intricacies. This will not be discussed 
here. 

(ii) It has boon already observed that when a sufficient statistic exists 
it coincides with the maximum likelihood statistic. The^ relationship of 
‘maximum likelihood’ with ‘power’ is therefore in this case quite clear. "WTxen 
however, a uniformly most powerful and unbiassed tost does not exist it has 
boon shown that an interesting property is possessed by the domain 

W<«^(ao, 0^, 0) (depending upon cto, Oq, 0, the latter being not a parameter but 

a function of(ir^”^) which means that the form of the function 0 is what affeotsi 
the location of which is defined by 

5 ■ -(3*31) 

where Ao is so chosen as to satisfy •.(3*32) 

'yi^'hehcci Ao may be written as Ao(«oj <9o)* * * 
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This dopendcnoo is also i,i> tin- form of 0. Tfic lamrulary of 

th^ domain is tfio (mvclopo of Mm hmmtlarios of Mm difforont 
unbiassed and most powerful oriMital ri'nions «)<“> {n, d„, 0) (wiMi regard 
to the (liffercmt altertiaMves 0) dcdiiu'd by (ti.2 ). lint tlm variation 
TSTOch generates tluumvolope is in simii a siaisc as f.o inakt* Miis i»r«portv 
physically ine(.>nse(iuential. 'fhi^ t>nv<«lop(> is bawsl on variation oUmth a and 
0 m such a manner as to knot) A (a, ()„, 0) A„ (a„, d„) vvimiv is a itn^assiirimd 
t'lR’^uicanco. If tlu' (uivolopo were obl.aitx'il wiMi n being fixed at 
(Xj this would have been a property of remarkable pliysieal wignifieatme. 
As it IS, the propi'rty is nitlu'r aeaihmiic'. \Vt> ean liavi'wiMioiit undue diffi- 
oulties a similar extension to tlm eas(‘ of M<>ver;d panimefers. 

Wemaytakoupnowanoth<mimjH)rfant development for tin* parametrkt 
case. Here again wo may in tlm (irsf, insf ams- keep f,o one paranu'km (h I f no 
uniforndy most powerful and unbiassed t(>st for, sav, H(W (L) (exists 
we cm have in this situation, besides tin. t«>sts based „„ regions defintsl by 
( ^( 0 . 2 ), another kind of 0[)tinmm tt'Hl. {ava.ilabl(‘ uikIit t*(*rtaia tnild 
tions) which may bo s iidto bo loeally unbiassed and locally most powmful. 
^e, unbiassed and most powerful for all alteriial Ives 0 in tlm n(nghl)ourho(Kl of 

variabh'M and a which is integrabki 

over («<■■)) and IS also such that (hfferentiath.ri with r(«gar(l to 0 under Integra- 

X°™)SnJ '«■ l,y „ 


[-|r «>{(«'•>): «}J^> xy((..“) ;».( I 

where Ai and Aj arc so chosoa f;hat 

j ^{(»‘“’) ; ■ « ; f r95((jr"''); ^|1 (l[orM'^y vO . ,(;p<H) 

S ?■' 'f?' l>'^''‘«»‘'tcrs has not bom 

By this teohnioue wo^esn n’ *'** “''’limitations. 

ww MltaLi the oon<utic,nl <li«ori.nimt<.l. luul («) the i»»mii,t«l region 


I 

L 


1 


5 S{(a:'“>) ; ((fy'k')} | rf(a;<“>) -0 (i •, f, 2,,..X:) ..(.‘{•42) 

•» “"■I'”' w “"<1 (w i . "«* 
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from ilio hyyotluwiH in any tlirocjUou will bo dUTorontially discriminated 
by two Hucsii in a manner which iw imlopondent of either the direction 
or the magnitucU^ of iiu^ (Uwiation, dopouding only on the two tests in 
question and (b) tht^ ({onditiou (3.42) is satisfied. 

Hiicli an optimum test eittmr under {i) or {ii) possesses a lot of interesting 
invariance proportU^K for (HirtaiiuJasses of transformations of the k parameters 
io new pa-rameters whi(‘ii may bo left out of the i)rcsent discussion. 

Tlie n^ason why the inv(sstigatious had to i)o limited to either of the two 
situatioim indic^ak^d in (/) and {ii) seems to be this. The fundamental x)ro- 
()lem poH(Hl in (3) (3.2) as also the general problem hero, which is the search 
for a most |K)Wt‘.rlul and unbiassed k^st for all alternatives (^^<^^) in the neigh¬ 
bourhood of the hypothesis io be tested is really a problem in calculus 
of variations. By a nutiarkably elegant dodge the general technique of this 
calculus was by-{)aHHod in the (‘mo of (3)-(3.2) and a solution was obtained in 
terms of (3,3) , Applkudion of the technique associated with (3.3) or (3.4) 
may not perhaps i)c possible in the general multiparametric problem 
mentioned just now, but has boon possible under the limitation (i) or {ii). The 
general problem hero, free from the limitations (i) or {ii), really awaits a 
solution for purposos of which a more elaborate use of the ‘calculus of 
variations’ technique might be needed. 


B2. Paiumetiuo Cahes—Composite Hypothesis 

Wo may consider now what is perhaps the most deeply significant 
part of tlio problem of tostitig of hypothesis as posed by Neyman and Pearson, 
it is the (iaso of composite hypothesis, one in which the hypothesis oonoeming 
(0^^^) is not specific but broad. Though mathematically cMicult this is the 
problem mot with in most practical situations , and’that is why outstanding 
qiiostions left ov<^r after Reyman’s own significant contributions should 
rocoivo more attention from research workers than they have till now 
attracted . The problem here is this. Bupposo the set {0^^>) belonging to a 
domain Ois split up into two sets { 0^^9 (where k^^^t+s) 

and the iiypothesis is {0^ 5 ^ ^ i> 5^,—«9) no matter what {0^ 6 ^,,. may 

bo witlun that domain 42. This means that our hypothesis is such that 
(0<^^) may ho in a subdomain of 42 in which 6^/5(^=:l, 2, ...^) may 
take any possible values in 0 but Oi${i=t+l ... 2+5) have specific values* 
Such a hypothesis is called a composite hypothesis with t degrees of freedom* 
It would be evident on a little reflection that a test of such a hypothesis 
may not in many situations bo available at all. Consider a hypothesis 
0Vi) ^ndan alternative (^=1, 2 ... 5 ), a pseudo-^ 

hypothesis H(i? 4 =^ 6 /®i) (^— 1 , 2 , ... 2 ) associated with H((9t+i=6>Vi), and an 
alternative .pseudo-hypothesis ii{0^:^0'\) associated with H(^t+i= 7 ^^®t+i)* 
Wo can of course get a region W^"^depondmg on (d\, 
and a, which might bo denoted by such that 

over such a 


I ; o^^t,.,.o^^^)d{x^^>)^a . .(3*5) 

Among such regions again, we can find one which would depend upon 
(cx; ••• ^Vs > ^t+x» •••^t+s) being defined by 

5 ; e\ ...d\ ; 

wbere A is chosen so as to satisfy (3.6) 
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The main questions in testing of composite hypothesis are : 

(») whether it is possible to get a satisfying (3.4) ,which would 

depend upon only (a; no matter what [0\, might bo. 

If so, how to generate such regions and tests based thereon, 

(n) if such regions are available at all whether it is possible to choose 
from amongst them a region winch, while satisfying (3.51), should bo such 
that its boundary should depend only on (a ; 
and be free from (()\, 

Regions fulfilling the conditions i)osed under (^) are known as mthiUir 
regions with regard to the total sami^le spacer In this discussion we shall 
call them valid tests. Question(ii) then relates to the possibility of 
obtaining among these valid tests the most powerful test witli regard to 
any alternative both the liyj>othesis to be tested and the alte^rnative 
kept in view being not specific but broad in the sense that in cither of 
them the (^i, 0^, may take any sot of values within the domain. The 
position of the ‘likelihood ratio test’ in tlui scheme of composite hyi)othcsis 
may be here briefly touched upon. The likelihood ratio test’ for the 
h 3 rpothesis (6^ = with i = ^+1, ..^+ts*) ; would be given by 


.J K . h ; 


A 


A A 

A; 

(3.611) 


where fi is so chosen as to satisfy (3.6), and where (diCu on tlu^ left hand 
side are the maximum likelihood solutioTis of Oi, c^tc. on the assuiuption that 

r= .while the . On^) on the right hand 

side of (3.511) are the solutions irrospee.tive of any sucli assutnptions. 
Apart from the limitation discussed under (3.3) this tt^st here sufters from the 
further drawback that there is no knowing whetluu' it would be a 
valid test at all. Whether solutions of problems posc'sd under (^) and (ii) 
would be available at all would obviously depend upon the form of (f>f 
and in trying to answer questions (i) and {ii) Neyniau and Pearson 
found that a sufficient set of conditions for (i) being posdblo, would bo :— 

(ia) for ^=1, i.e. for one degree of freedom of the composite hypothesis 
in which the parameter is 0, 


d'’^ loa 6 . 8 

-~^==A+Bg° log?5 ..(3-62) 

where A and B might involve the froo parameter and tiio noti-froo paramoterB 
but must not involve (:r^”^) 

{iJb) for aiiy general t 

log ^ t g toff S 

^0^ dOi 2,..i) .,(3*63) 

where Ajj’s and might involve both the free and noii-freo parameters* 
G Onditions (3,53) may not all be independent. Under (3*52) for I and under 
(3.53) for any general t, not only one but an infinity of valid tests of a certain 
type has been shown to exist and furthermore a method of generation of th*B 
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ty])c of valid haw also boon given. This method of generation (for ease 
(^7;) of which (m) w'ould be a Hi)eeial ease) is based upon the following pro 
porties (whicjh exist under (3.52) and (3.53) ) :— 

(ic) th(u*e is a i5-fold infinity of surfaces (of dimensions n—t) given by tho 
intcresection of 


g® log ({=1,2, ...t) 

and repr(‘Sented by H{A^, ... A^) the location of which (as a family) in the 

sample space of n dimensions is invariant for all values of the free parameters 
(^^1, O2, ... 0^) but might dei)end upon the non-free parameters ... 

(id) if fi*om any shell (between two neighbouring surfaces) we cut off 
a portion whose mass(as based on the probability density associated with 
the hyj)othetical values of the non-free parameters 
of the frec^. parametcu-s (0^\, •••^\)) iw a(<l) times the mass of the total shell 
and whose ndativc location within tho shell might depend upon tho hypothe¬ 
tical values of the non-free parameters could bo arranged 

to be independent of the hypothetical values of the free parameters {0^^, ...6?®t), 
then the mass of sucli a portion would continue to be a times the mass of the 
the total shell for all hypothetical vahies of the free parameters 

Under (io) and (id) we could evidently out off such a poii.ion of the shell 
in an inlinity of ways. Wo can now generate at the level of significance 
a(<l) a valid test of - 6^^\) ('i=i-f .l, by cutting off from 

any shell such a portion and putting together such portions from the totality 
of different shells. This would give a critical region whoso location in the 
sample space might dcp(md on the liypothsis (6^\+i, ... ^\hb) but is 
indopendontof the^^.y«acio-A/yf^c^Ar^w(^y®i, while the mass is a times 

the total mass of tho sample space, i.e. simply a for all values of tho pseudo- 
hypothmn, 

(ie) It was proved that uudtu* cjortain mild restrictions there could not be 
any other valid test exc-ept those generated by the mechanism. Remember¬ 
ing tho freedom within each shell, such valid tests could evidently be generated 
in an infinite number of ways. 

This mechanism of generation of valid tests is really deeper and of more far- 
reaching significance and greater generality than the differential equations 
(3*62) and (3.523). Witli regard to tho existence of valid tests it was found 
later that tho essential properties (io), (id) and (ie) and the associated 
mechanism would be still available under somewhat wider conditions than 
(3*62) and (3.63), being given by 

whore ^..(3.84) 

(i—I, ; m>, or =, or <«, but <w) J 

In such a case (Tj, Tj, might be said to be a shared sufficient set of 

statistics for (6i,0^, ...&{) conditional on ... 0^+^) being known. If (3.54) 
holds we have a system of m-fold (and not i-fold) infinity of surfaces (of 
dimensions n—m) given by the intereseotion of 


..(3.55) 
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which would fulfil the bame (iojiditions of (1) mvarimhov. of kmalioii givc^n by 
(ic), (2) invariance of 7nasH proporUomdity given by (v'rf),an(l uiidtu* cfTtain 
mild restrictions, (3) the exhamfdvemss with regard to valid yuch a 

family of surfaces would thus provide the basic uKHjhauisni already cionsidored 
for generation of valid tests of With 

regard to the availability, among these valid teMs, of a most powerf ul test 
of }i{0~0^^) with respect to tlio alternative / (P{) wo note tliat if, 
furthermore, the T/s referred to in (3.54) are of tlui forni 


.1 i -1* 


.. (3.r)()) 


then among the valid tests associated with l;he nui^bauism, th(‘, iinbkmed and 
most powerful test of with rc'sgard to tlie> alti^ruative H(^yj ffPi) 

..i+s) would bo iH’ovided by the domain obtainc^d by 
eliminating (Aj^, Ag, ...A^jJ between 

- Ai(i -- 1 , 2,.../>0 . 

and 


where A is so chosen as to satisfy 








.(3.59) 


the integration being taken over the shcdl dofirmd l)y (3.57) and (3.5S)* A 
thus is really of the from A {a ; A^, ;..A„, ; ; 0^,^, ... 

It may be noted that so far as locuition and othc:^ propcu^tic^s of this 
domain ap concerned the pseudodiypofhesis (/7p a,nd pHeudo^altmmtiva 
( 0 i 9 ^d®i) (t=l, 2, ,,,t) go out of the picture altogether. Wo have thus a 
solution of the question posed undot (n*). 

For 1 and for the availability of the most powerful test among the sot of 
valid tests, we have instead of the condition (3.50), either of the conditions : 

^2(%, ... itn ; Oi^u ••• (^i> '•^n) ..(3.591) 

or 

function of F{x^, . .(3.592) 

whereF,form==l, and 0a occur on the right hand side of (3.54). Wo have 
thus (i) a set of sufficient conditions for the availability of valid tests of 
H(^i=0®i) and a particular mechanism for their generation, and (ii) a further 
set of sufficient conditions for the availability as among those valid tests 
of the most powerful test of the hypothesis with regard to the alternative 
H (^i#^®) (i*:«+l) t+s), in either case no matter what lOuOo,, ... OA 

might be. “ ^ 

We note further that while the of oxistonee suffieioixt statistics in the sense 
of (1.2) is related to the availability of uniformly most powejful tests of a 
simple hypothesis, the existence of pseudo -sufficient statistics in the sense of 
(l‘o4) is related to the availability of valid tests of a composite hypothesis. 


§ 4. Neymak’s Theory of Confijdence Intervals 

^ Neyman’s theory of broad (as distinct from specific) estimation, based 
as it is on ms theory of testing of hypothesis, may be fruitfully taken up at 
this stage. Here again we can, for simplicity, but without vitally affecting 
the generahty of the theory, consider the' case of one parameter alone which, 
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let UH call, 0, If , p;ivon, a probability law, 6) and a set of 

observations to bo called (E^), two functions of (E^), and 

f4(E^j)(>/'4(Kn)) «oul(l be found such that 

P{(6',(E„)<fl< • -(4) 

for all(pcrmiHsibl(^)values of 0, then the interval associated with {<9i{En)j02(En)} 
to be called ?9'(R„) is said to bo a confidence interval for 0 at the level a. The 
statement often ro])laecd by ?9'(E,j) covers d, or in sym¬ 
bols, iV'(Ku) 5 statement replaced by 

?{^(RJ GOlOy^a . .(4.1) 

It must bo noted hero that the probability statement in (4) does not mean 
I)robability of somothinjjj happenin^^ to 0 but probabiltity of something happen¬ 
ing to the statistic*,s or functions of the stochastic variables (a'j, namely, 
and in rcJatiou to a non-stochastic 0, the probability remaining 

the same for all possible values of the non-stochastic 0. It is this that makes 
(4)partly similar to but iu many respects quite dissimilar from inverse i)rob- 
ability and liayos’ thorem. This technical sense in which (4) is to be taken, 
while it ke(^ps thi) theory within the four corners of orthodox probability, 
partly robs it of that physic^al appeal which it would otherwise have had 
if (4) had been, which it is not, a probability statement in respect of 0- 
This theory and techniques of estimation by confidence interval is related 
to Neyman atid Pearson’s theory of testing of hypothesis in the following 
way. W(^ can here conveniently replace tlio ({ritical region (for rejection 
of any hypothesis about 0) by the complementary region (of acceptance) 
and the level of significancio a by the complementary quantity 1 while 
continuing to use the same symbols. 

A region W<’'^ cl(q)ending on f) and satisfying 

J>{E,, {0)/0\ (for all 0) . .(4.2) 

will, xmder certain mild restrictions involving, among other things, the one¬ 
way shift of the interval with change in 0, lead to a pair of ^^(En) 

or an interval ?9'(B„) such that 

P{^.(E^)C (for all 0) . .(4.21) 

The most powerful and unbiassed region (0^^ 0) (of acceptance of ^Z^) 
with regard to the alternative (9, depending, apart from a, on both 0^ and 0 
is defined such that 

inside (^4, 0) : ^!){(;r<**0 \ 0} X (a, /9) 0^} 

whore X is (jhosen so as to satisfy . -(4.3) 

V e Om ^ oc J , / 

This, under the restrictions of (4.21) and some more restrictions, leads to an 
^0 (Er ; (depending on 0 bnt independent of 6q) such that for all <3^ but 
a particular 0 

P{^o (K I 0) 0 0o/^}<E {^(EJO 6,10} and < 0)C dol0o} ^ • (4:31) 

where ^(Ejj) is any interval satisfying (4>2l). ^c)(Ea ; 0), however, 
haye one fornn^ for 0t><0 and another form for Sildh ah 
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be called a shortest an<i inil)iasHo(l (;o!ili<leiuH'. inU^rval for 0^^ with n^urard to 
the specific alternative 0. This , liow(wer, is an intcnwal of pundy academic*, 
interest and of no particular physicuil si^ijnific^anc'c*. 

If, however, 0) of (4.:i) depcuids only on (a})art from a) but is 

independent of 0 or at any rate if it is of ouc^ form for ah (h ^ 0 and another 
form for<?>0<) we have the uniformly most powcu’ful and unbiass(‘d tc^st 
(or tests ) for 6^ with regard to all 0{<)v all 0< ()>0^ resp(H*.tiv<dy), 

The associated i9'o(l^^n) (which this lime would lx* in(lep(‘nd(^nt of 0 oral any 
rate , have one form for 0<()^ and anotheu* for satisfy 

P{^o (EJ (En) and</^b?o iK) V,} ^ .(^.4) 

where aiU^y interval satisfying (4.JU). 

Either (4.4) will be satisfied for all 0^^ and 0 oi* th(*re will Ix^ a t9''o(E») satis¬ 
fying (4.4) for all 0<0^ and an#yK,J saiislying(4.4) for all <7, 
may be called a uniformly shortest ami tmbiasscxl coulidcmcic interval for 
^ 0 , and ^o'(En) ^9’o''(En) two oim-sidcxi (hut uniformly) shortc'st and 

and unbiassed confidence intervals for the rangess of alternatives 
and /Jo¬ 
lt would be obvious that it is these intervals that arc* of r(*al })hyKi(‘.al 
significance. This , therefore, being thc^ only optimum of pi'actical intcn’c^st, 
and uniformly most powerful tests on whic.h this is bascnl Ix'ing sc^ldom avail¬ 
able , the optimum oonfidemee interval would also, thus, hc^ seldom available. 
The partially optimum interval of (4.31) hasc^-d on the partially optimum 
test of (4.3) (which is almost always available) is, as alrc^ady observed, 
ruled out on physical grounds. Oorilidence intervals hascid on locally most 
poy^erfirl and locally unbiasscxl tests, and those (U)rr(^Hponding to simpler 
hypothesis with more than one parametc^r and those (*.om\s|x)nding to (?c>mpo- 
site hypothesis (which an*, of coursci physic*,ally very importatit) cxndcl 
be generated by proeessos already suggested and withemt any se!*iotis tH)n- 
ceptual difficultms, Tlu^se ncxxl not he taken up in the* pres(*nt cliKcmsKioii, 
There is an interesting theory of c*.cmiiclenee intervals clue to Prof. U, H. Nair 
in .^hich more stress is laid on the j)hysic*.al length of the confid(*ne,c^ intcrwal, 
but lack of time would not permit a discjussion of it hen*. 

§ 5. Wald’s Theory of Statisttcal Infkhenoe 
A. Need and Genesis 

The transition to Wald’s theory of statistical infetron(*,o may be* cotx- 
veniently considered at this stage. Taking the so-called i)arametri<‘. (‘.asc^s, 
suppose that in any situation a uniformly most powerltil tcvst (even in the 
limited sense already discussed) docs not, as will oftc^n happcui, exist. The 
uniformly shortest confidence intcM-val ((*ven in tlu^ rc^stric^tcxl scuisc^) will 
not,also be there. Wo have of cjourso thc^ most powerful tc^st with, rc^gard 
to a particular alternative and a corresponding c.cuifidcmee interval (whteh 
latter, however, is not of any physical interest) ; l)ut ii< would he cdt'ar on 
a little reflection that while a most powerful test with regard to a particular 
alternative almost always exists and may not bo also in ])raoticc difficult 
to construct, our physical interest consists in finding out not so mucih what 
a particiilar hypothesis or estimate is worth vis-a-vis another particular 
h;^othesis or estimate but what it may be worth vis-a-vis the totality (or a 
suitable sub-totality) of other possible alternatives or ostimatss. To this 
last query a very good answer is of course provided by a uniformly 
most powerful te,st (when it exists) and the associated oonficiemoo intervaj, 
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But when it does not, wo have naturally to look out for the next best tiling 
in an overall Hc^nso (i.e. over all alternativcB). In this situation, therefore, 
the questions naturally arise : (i) could we have in any sense a sort of optimum 
test (or interval) with I'egard to the different possible alternatives as a whole ? 
If so, in what sense and how ? (ii) Furthermore, could we have tests possess¬ 
ing in large samples some overall optimum properties which might be no 
longer tlu^i* when tlu^ sauqjle size gets smaller ? 

B. Asymptothially Most Powerful Tests and Shortest 

OoNFlDENGE INTERVALS 

In attompliug to answer (picry (i?*), Wald was led on to develop his theory 
of asympiioticjally most powerful tests and asymj;)totieally shortest c^on- 
fidoncci irit(u*valH. Without any essential loss of generality we shall considoi’ 
the case of only one p irameter and of independent stochastic variables 
having .tlu^ sanu^ probability law f(x ; 0) dx. 

In this (‘,as(j 


<!> {(,«(")); 0) ■vn/(»'i; 0) ..(r.) 


Adopting); in part Walil’s notation let iis denote by the sequence 

of critical regions W<"' for n - 1 , 2 ,... ad inf, for testing the hypothesis 6—0,^ 
at the level of signifiearioo «. This moans, of course, that 

P{E„ e W‘'‘' (a ; (yo)/do} -■= a for all n, a and 0^ . .(5.1) 

Consider another sinpiencto of regions {?«*"’ (a ; 0^ satisfying (5.1). 

Denote by ,LLW<"> (a ; 0^), w<"> (a;(9o) | the least upper bound of 

i>{KneW<"> (a; (« : 0o)!0} ' ..(5.11) 

with regard to all possible values of 0. 

Denote also by (/(W'”' (a ; ^/o)1 greatest lower bound (for variation 
of of 

■ P{EneW‘"> (a ; <?o)W ..(5.12) 

(a) Then (a ; Of,) is said to be an asymptotically most powerful 
test of (9 = Of, at the level a, (i) if it satisfies (5.1), and (ii) if for any other 
■sequence {W<'!' (a ; do)} satisfying (5.1) wo have 

Limit Superior L[W<"’ (a ; do)j w'*"’ (® > ■ •('*’•2) 

n — 


(b) Also {?«<"> (a ; do)} is said to bo an asymptotically most powerful 
unbiassed test of O^r O^ at the hwol a, (i) if it satisfies (5.1), (ii) if furthomioro 
Lim p (a ; d„)]--a, and lastly (wi) if in any relation to any sequence 


{W<"> (a ; do)} satisfying (i) and (ii) , the sequence (a ; do)} satisfies 
(5.2). 

■ If instead of considering any general (a ; Of,) satisfying (5.1) we con¬ 

sider (a; do, d)which gives the most powerful and unbiased tost of 
O' = do with regard to d#do then obviously for any W<"' (a; d#) satofymg 
(5.1) ‘ 

. ‘ ; Og, 0)/0}--V(E„f.'W'”> (a-y 0o)/0}^Q ,v(S-3) 
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Let the least upper bound of this (for difforont values of e) bo denoted by 

L [«;„<"> (a ; (9„), W<“> (a ; (9o)J . .(g.gi) 

(A) It would be clear now on oomparison of (.').L>) with (5.3) that an asym- 
ptotio^y most powerful test of 0r=O^ at level a, namely, {«(») (a ; wUl 
(») satisfy (5.1) and {ii) will also satisfy 


Lt LK<“> (oc; 0„). 


wM (a ; (7„)l -,0 


..(5.4) 


,. would also be clear on a similar eomparisou that an asymnto- 

tioaUy.most powerful unbiassed tost will.beHuhis satisfying the condition 

giTenin(A), satisfy the fuithor condition that IJ 17 [»)<'">(«; /';„)] a. 

Condition (5.2) together with(5.4) would immediately show ibat as the samnlo 
81^ jiincreases the power of the test wM (a ; 0^) for each alternative 
a;Pproaches the power of the most powerful tost for that alternative, 
xnis brmgs out the appropriateness of the term ‘asymptotic’. 

asymptotically sliorti'st conlidence interval 
aMooiated with (b). Conceptually these would not offer new dilTi.oulties 
but m some of the detmls certain special considerations come in which. 

satisfying either (A) or (B) may not exist at all or more 
restrictions on the form of the parent population the regions (i) ?(»'(“> (« f Oq) 

defined by Vw {K - (h)< 

^ ^ ’ ^«) defined such that at least one of the ino((uaIities aro 

^ ^ would bo rospcotivoly ( 4 ) tho 

powerful test for alternatives ( 9 ><?o, ^ (n the 
asymptotical^ most powerful test for alternatives 0<(?„ and'lm'l the 
. asymptotically most powerful unbiassed test for all real 

othe?a^ZotoLi®^°T“ restrictions there might bo 

Sf k t^sts as well,and methods of constraction 

a^Sst diK«?»=' arises as to how to choose from 

4s 3d PO'«^erful tests if more than one exist, 

the rapidity of oonverdn^.^ tl’+k® optimum for which 

^Sr it isSSr^eh-l^® (4.5) would be the 

w’, w'" already^indicated partly proved that the regions v)', 

, would in most cases come’fairlv close^+^^^^r^ tbeso^timum properties, 
already observed a ^ optimum. Tfiere is, as has been 

confidence inWaJs which we shSS distis 

, C. Mosi PowBBiTOL Tests on ait Avebaoe 
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metric case under which wo ahall consider for simplicity but without any 
essential loss of generality the case of a simple hypothesis about k para¬ 
meters sometimes called (&(^^) ; with this may be con¬ 

veniently associatod a parametric space O. For purposes of testing any 
hypothesis (i=il,2,...^) the essence of this theory consists in 

trying to find out the most powerful test on an average with regard to all 
permissible alternatives, the averaging being over the parametric space Cl 
and based on a suitable system of woightage. This suitable system 
naturally takes into ac<iount the relative importance of different deviations 
from the hypothesis, Lo, of the relative importance 

itself being related to extra-statistical or oxtra-mathematioal considerations. 
Lot us have a woightage function ''^hich is zero when 

('i -l,2,...k) and which satisfies 


$ A ... n . .(6.5) 

LI '"J- 

whore the integration is over the whole parametric space O. 

Lot also 


5A ; 0„..A) H dO,^UXv-^n-,&\,-d\) (6-51) 

Thoa evidently a region in the samide space defined such that inside 

w'-’i.: (j> ; 6\,...0\) . .(6.62) 


whore A is so chosen as to satisfy 

J 0\,...0\) d (»("))=« ..(S.63) 

will possess the property that 

i d {xM)p J {x„...x^ ; 0\,...e^)d{xM) . .(6.64) 

W'”' 

whore W<"' is any region (in the samj^io space) satisfying (6.63). 

A critical region satisfying (6.52) and (6.63) will be said to he the 
most powerful tost of H {0i=0\)(i—1, 2,...k) on an average (over all alter* 
natives), the average being related to the weight function h. 

The analysis above would evidently be permissible under oertaifi 
wild restrictions oixtho form of vis-a-vis the stochastic variables (x^, Xg,...xJ 
and the non-stochastic paramet(5rs (01,...Oi), including the assumption 
that the operations of integration over (x^,... xj and (0^, ... 0^ could be 
interchanged. But the basic concepts involved are more general than the 
particular typo of analysis employed. So far as one can see to-day the Weight 
function h could be based on either of three considerations: (i) any a prwri 
grounds of boUef in the different alternatives (^i, ... 0^), oi («) any phjnsdcal 
measure in terms of loss sustaiiied or difference otherwise made wtw thb 
the true hypothesis is ((?i’s) instead of ((9.,’s) (ii=l, 2,...h ), or («i) something 
Hke a distance function betw^n two statistical populations, constWzoted 
in terms of pure elementary frefquencies and possessing a number of elegant 
mathematical properties; The first type of cpnsideralaoii, besides b^ 
practically inconsequential, is not also free from meoretici^^ Ohjee^^. 
The second type w physically most important and .useftil, white 
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related as it is to pure probability, lias a good di‘al oF luatluunaiitsal and 
theoretical elegance. So far wo have ki^yi to simple^ hypothesis coiu^crmng 
the parameters {0,, ... 0,). If in this ease W(. (^ha,ng<. over to cnmiposito 
hypothesis, the set-up given lierc will incwely have to Ix^ sap<u'posed on tlie 
vset-up for coinposito hypothesis aln^ady discusscxl, witliout in any way n^plac- 
incr it. It has been noted tluit some of the usual tissts (in situations 
where iinifovinly most powerful tests do not exist), as for Insta.lU{(^ tlio 
‘F’ test in the general schemi'. of analysis of variance., poss(‘.ss tlu^ optiimiiu pro¬ 
perty of being most powerful on an averages in terms (d rational weight 
functions based on considerations like eitluu* (//) or {tU). Wt‘. shall not 
discuss the details *of this any further \mv.. 


D. Wald’s Geneiial and UJsunEi) TiiEoitv Statistioal Ini<uohen()E 

We are now in a position to pass on to Wald’s gimeral tluHjry ol stat'istieal 
inference which, as already observed in the introdueihm, besidiss broadening 
the basis of both estimation and testing of hypotlussis, fusils both^ into a 
remarkable synthesis. Without any^ essential loss of generality the 
outlines of this theory (so far as an iudii^ation of its geruu’al nature is 
concerned) can be presented in terms of a paranud»ri(‘. easi^- with k paraniotcrs 
{dii ••• <^k)and an associated parametric space or domain 12 , the ft>rm of 
probablity density for (%, ... being supposed to b(^ known. KSupposo 
that the parametric space a is split up into a systiun oFdisjoin , i.e. iion-oyer- 
lapjnng regions 0 in a manner given once for all in a partieulatphysiiud situ¬ 
ation ,and su})])ose that on the basis of any arbitrary ruh^ (r liieh wi^ couhl 
vary) we set up disjoint regions in the Hani|)l<^ spaiKi sue/i ndiat wluuiover 

En e ^^0 accept the hypothesis that the paranul^ritt*. lies 

in 0. Those @’s are not usually points but n^gions of the (larametrie space a. 
Furthermore, --the whole of tJic sainjilo spaing l^y inversion wo can, 

uniquely for our rule, associate with any point of the sampler spacim region 
0 (En)oftlie parametric space a, which coincides with one or other of the 
different 0 ’s. This means that given any we should by our rule accept 
one or other of the different 0 ’b, which one of tlu^.m to accept being 
related to the particular rule we set ui). This function 0 (E,j is known as a 
decision function. A different decision function would imply a dilTcrent 

rule on which, given the same we may be accepting a different region 0 ' 
of the parametric space. There is a weight (or rather loss) function 
such that A =0 or <0 according as {0^^^) belongs or does not belong to 0 . 
This h function is to be given by extra-statistical considerations and might 
conveniently be taken so as to satisfy a relation like ((>, 1 ) already consklmxL 
By our rule, therefore, for a true (61^*"^) the total likely loss (to be termed the 
risk r) as based on all possible Ej^ would be given by 

i h{{0^% ©(«:<"))) ^{(;r<«)) ; (0^^^)} d ::r\(0^^^}l{<iS), A)J ..(5.0) 

the integration being over the whole sample space. 

The function r on the right hand side of (5.6) is really a function of 
but the form of the function depends upon the forms of the decision function 
0(E^) and the weight (or loss) function h{{0^^^), 0}. This dependence is express¬ 
ed by the symbolism on the right hand side of (5.6). Given a split-up into0’s 
and a h function,the statistical problem now isto choose that decision function 
@(a;^"^) which would minimise in some sense or other the risk given by (6.6) 
and would thus be an optimum in that sense* There might be diiforent 
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rational hcusoh and tlu^ broad dcvolopinont in tcirniM of one of tliewo is 
given as follows :— 

(1) Two (Uujision fiMi({tions 0 (Ejand 0 ' (E.J will bo said to be equi¬ 
valent if for oac^Ii 

A)] . .(5.7) 

(ii) ('^(Eu) in said to b(^ unifonuly better than if for all 

r h)l < rl(^yoo) I 

(iii) 0 (E„) is said to l)(‘, unifonnly best if it satisfies (5.8) in relation 
to any 0 ^ (E^j 

(iv) 0 (KjJ is said to bo an adniissible rule if tliere is no 0 '(EjJ uniform¬ 
ly better than this. 

As betw(M‘.n JUiy two 0 (EJ and 0 '(E^J, neither of (5.7) or ( 5 . 8 ) may hold. 
A test 0 (E„) eonfonning to (in) may not be available, and, in generai, more 
than otie 0 (E,J (tonforrning to (m;) would be available. In such a situation 
a furtlier pritufiple for (‘lioiee of an optimum has to bo looked for. The one 
that has l)een found to be ])hysi(uilly most fruitful and theoretically 
least 0 })cm to controversy seeks to so choose the decision function 
0 (E,J as to minimise th<^ least u])[)er bound of r with 

regard to variation of ( 0 '^*'), For any given forms of h and 0 this 
least upper bound tnay bo dcnotccl simply by r( 0 , A), so that 
(h)*'*(E„) will bo the o[)timnm rule if r(0,7i)becomes a minimum for @= 0 * 
Under certain not very stringent restrictions on the form of the weight function 
h and on that of the probability density function (/>, this decision function 
(h)*^(E^j) poHsesses, among other elegant x)roportieH, the remarkable property 
that it inak(^H r\(0^^^)/((^*)f A)J given by (5.0) independent of(i^f'^), i.c. it makes 
th(^ risk function constant oveu* the different alternatives. For lack of time 
and space we shall not discuss the various interesting and detailed develop¬ 
ments of this tluxury including the extensions to the nou-paramotric cases 
that have occurred within the last four years. 

It will bo seeti on a little rellection tiiat (i) the problem of estimation 
covering both form and j)aramctors, and in tlio parametric case, covering both 
point estimation and estimation by interval, and (ii) the problem of 
testing of hypothesis covering both form and the parameters, and 
in the })arametric case, covering both simple and composite hy|,otheses 
arc but special and degenerate cases of this generalised theory. But 
the problem posed und(^r tcKsting of composite hypothesis, which we have 
already discussed, arc not rendered redundant by this theory but merely 
Jfit into a l)roper corner within the general sot-up. With regard to form, how¬ 
ever, by its very nature, the problem of choice can be successfully tackled 
only when tlio diffcnmt i)()ssibi)itics are restricted to any concrete domain. 
Widest freedom hero could only lead to an ethereal pseudo-generality. 
This set-up of Wald wo have just discussed, while reaching out on the one 
hand to an adccpiato philosophical generalisation, keeps on the other hand 
fairly close to reality and conc)retenoss (in fact gets closer to them than the 
earlier theories) through the mechanism of the risk function. 

,§ 6. Wald’s Technioue op Sequeistial Akalysis 

We take up last of all the technique of sequential analysis, already men¬ 
tioned in the introduction, which has been a remarkable recent development 
spread over the last few years and due to Wald and his school. As noted 
earlier, the observations constituting a sample here are taken one after 
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another and the sample size under this t(H‘4uu(iue, unlike that under f>ho 
other techniques, is not prcassigned hut is in a houho a stoehastie variable, 
whether the next observation is to he taken or not btung d(q)ondent on 
what the observations taken so far have revealed. 

Without any essential loss of generality an oiitliiui of tluj teehni(|uc 
can bo given in the case of a univariate an<l uniparainet.rit*/ population wlumt^ 
distribution law, for discrete x, may be taloui as f{x ; 0), aiul, for eontinuous 
X, may bo taken as/(aj; 0)dx, where the form of tlu^ populatioi\ / is assumed 
to be known, while 0, which is unknown, is suppoH(Ml to tlu^ main <*ouc(H'ii 
of the analysis. The technique is supposed to b(‘. so designed as to (uiable us 
to decide, after a suitable or adaqimle nimhvr of observations^ two 

contrary courses of practical action to be ca-lkal atdions 1 aiiid 2. A (^onea-t^te 
illustration of actions 1 and 2 might be aee(q>tan(U‘- or rc\j(udion of a bate.li of 
manufactured articles on the basis of a sampU^ iiis])e<jti(>n. As a matUu* of 
fact it is this sort of situation that actually posed tJio gcuuu^al ty|>e of |)t*(>l)l(Mn 
for which the technique of sequential analysis had to b(^ (hvsiguecL Pursuing 
this concrete illustration of manufactured articles, suppose we lay down 
a rule that if the sample of first ten articles insp(iet/ed are found t^o b(‘. all 
non-defective we would accept the whole lot, and i f, starting from the first, 
the m th, article (m ^10 ) is found to be deleiitive m) reject the whole lot. 
This means that in our inspection process, if the first article inspectiHl is found 
to be defective we reject the lot, if it is non-defeetivo we make a further 
inspection, and so on. By this rule laid down tlu^ procK^ss must nocessarily 
terminate at the lOth observation ; it might, howt^ver, terminate earlitu*. 
Passing on to the general problem, pracdiical (u)nHid(U’ationH (which would 
lay down different spcchujations in differiuit situations) would usually 
specify a range 0i < 0^ such that if 0 wo would not nuiroly prefer 

1 to action 2 but it would make a material <mT(u*euc(^ to us if we took 
action 2 instead of action I, botli tlu^ prefenuuio and tlu^ difterenee increas¬ 
ing as 0 decreases, and likewise if 0 we woukl not »n(U’i‘ly pn^h^r atstion 

2 to action 1 but it would make a material difhuHuuH^ if act ion I was taken in 
place of action 2, here again both the pndereiuuuMid Ike. diffctnmtjc iiuu'casiug 
with increasing values of 0 . Tlic samj)Ung rule (which, subje(jt to certain brotUl 
conditions, might be otherwise arbitrary) should, thc*ref()rt% b(^ such that if 
we followed that rule then (i) the chauce when 0 ^ 0^^ of taking action 2 
(which is undesirable) slioidd be small and ^ a pn^assigiuMl a, atul (ii) the 
chance when 0 ^ 0^ of taking action I (which is undesirable) should be small 
and ^ a preassigned /i. Furthermore, in the liivst case this chance should 
preferably (ia) decrease with decreasing 0 and (/A) l)e etpial to ct when 

; similarly in the second case this chantje should preforal)ly (iia) 
decrease with increasing 0 and (f^^) bo equal to // whoii 0 7^ . Under the 
rule the number of obscu’vatioiis to bo taken as already notiod is a stochastic 
variable determined in any particular sequence by iiu^ otiicomo of the obser¬ 
vations themselves ; (m) but the rules should ho so frauu'-d that witli a finite 
n we can dennitely decide between the two c£)ursc%s of action, i.e. tlm proba- 
biMy 01 having to take an indefinitely large 7i befero we could roach a diHUsion 

The fehaueo’ wo have moutiouod under, 
(^), (ii), (^a), (ua) etc. calls tor a little explanation. There are two altornativo 
courts to which our sampling procedure nocessarily leads, namely, actions 
1 ana hor any 6, the fehanco’ by our rule of taking action 1 would be 
based upon the totality of all {x^, 0:3 ... x^) witli 71 itself being stochastic, 
such that any member (aii, x^) of the totality would permit of action 
1 being Tbis chance’ therefore, would bo a pure function of 0 to bo 

denoted by L{d), This L{6) plotted against 0 is said to bo an ‘operating 
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oharaoiorintlc, ourv<^' or Hini])ly OC curves. Tho conditions mentioned under 

(i)i (ii)i now bii tratmlated sucecsHivoly as 

(i) \ -h(0)<^i0<0,) ..(6.1) 

(ia) \ l.{0) a{0--0,) ..(6*11) 

(//>) I 'Ij(0) (l<HH‘(‘aMCH as 0 decreases in tlie domain 0 < 0^ . .(6.12) 

(n) L{0) < A (/; ^4) . .(6.2) 

(m/0 m ..(6.21) 

(nh) \a{0) <l(‘er(nis(^M as 0 inr(^a.s(^s in tlu^ dcmaiii/? > ^>3 . .( 6 . 22 ) 


Amon^ diffenn)! sampling rnkss, all suhjocit broadly to those conditions, 
a fui‘t-li(M* {'ril.(n‘i()n for (^iloi<^e of an o|)timmn tnay bo takem to be tho average 
number of obs<‘rva.tions (whic^h is r(‘lated to the expense) needed under the 
rul<\ that nil(' na.tui'a.ll.v b<‘ing the best for whieh this number would b(^ tlie 
smallest. But iihis av(‘.rage, (h^pending as it does on 0 and honee (hnioted 
by K^(>?) vari<ss with 0, This B6f('w) plot.ted against 0 is known as tho 
‘Average Sampling Nuinlxu’ (Jurv<r or simpl.y the ASM" (Uirve. Suppose 
a ruh^ (*.ould \n\ found such i.hat for all 0 

E< 5 i(m) under tliat rulc^ < E/ 9(/0 und(‘,r any other rule ..(6.3) 

Then smdi a ride (whieh might Ix^ {*-a]led a tiniformly host rule) would 
naturally liavi^ Ixxni tln^ optimum. But this being seldom available, 
various altenuitivi^ caittu'ia for the ehoiee of i\, next best (^ould bo 
offenxb of wliieh oikj ])lausif)l(^ and reasonable criterion miglit bo that 
the optimum rule must be sueh that umler it both for 0=rzO^^ and 
0 -f4» Hhould b(^ a minimum as eompared to what it would bo 

under any othcu* rule. I t has boon found that under certain broad assximp- 
tions this condition broadly (‘iisures that E^(n) under tho rule would bo 
less tlian K$(n) unik^r any otluw rule ov<‘.r a reasonable neighbourhood of 6?, 
and fAj r(*.S[)(xd‘.iv(‘* rangers 0<0^ or 0>0,^ in a sens(^ whieli need not bo 
further diseussod hen^ ’'.riu'* optimum rule, therefore, miglit ho one which, 
while satisfying conditions (6.l“-6.22), would further niinimise ¥je{n) at 
an(l Under csortain broad assumptions such 

optimum propewtios happiui to bo satisfied by a tost based on what is called 
the sequential probability ratio sampling j)hm. The rule is indicated as 
follows :— 

Denoting the successive observations by (a?i, X 2 , ... x^) tho probability 
density of a soquenoo of m observations {x^, x^, ... x^J for any given & may 
i)c denoted by where 

in 

55,„(<?)-ni/(,Ti ; <?) ..(6.4) 

i I 


■whence wo can eiiHily write and 

The central ithsa behind tiie rule is that starting from tho first observation 
wo go on taking observations and at each stage calculating 
until it is either fairly small in which case we stop and decide on action 1, or 
it is fairly large in which case wo stop and decide on action 2. This in 
symbols would mean that with two preassigned A and B, 

(i) wo decide on 1 if ® • •(6.41) 

{%%) we decide on 2 if ^ 

(ni) wo repeat observations if B<55m(^a)Mm(^i)<A • • (6-43) 
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where A and B are so oho,sen that l'j(0) satisfies ((i.11) ainJ ((i.21), i.c 
L(<^,)==!l—rt an<l L(/9u)- jS 
It has been shown that A and B satisfy tfio (ionditions 

.. B 


..((i.44) 


and- 

I—« 


In fact, 


Ar~^{\—/i)ja and a) ..(().4fi) 

This L(^f) of cour.se satisfies (fi.11) and (fi.2l) and for most forms f vvoidd also 
satisfy (6.12) and (6.22). 'rSio form of tins L{0) is Kiveu by 

T//A A'dtf) ...1 

ALMrSlSJ) 

where A and B have boon already given by (6.46) and MO) (usually uniinu' 
under certain mild restrictions on /) is givcm by 

r r ftvfiA 


\S{x,0) r 


rfx 4 




The average sami)ling Duml)cr E^(^^) under tliin rulc^ in givet\ I)y the fonvwila 
Eff(M),^^ (' ■ MO)) l<>K A 

n l>''OHasHigned 

quantities (a, p, f/^, 0.^ and the vanabh^ parartudKU* 0. 

satisfyX“(?dVrr(S)“ ’“^wever, are that for any sam,.ling rule 


E. (») 


> ioe|_^.+» i«r'; jK,,^ |i, 


l.'<>t!:{54,n(f^,)A/b„(^A)}l ..(6.71) 


\ W> Iog^-A+(i_^) logL.^J {un,)l<l>,,[0,)}\. (6.72) 

while for the sequential probability ratio sampling plan just diseu,ssed 
we nave 

E^^(w).^ right hand side of (6.71) 

®^^(w)'~'right hand side of (6.72) 

interesting and^frifitfS^devebn-^^nt^ of consider the various 

years including the use of seouon+ini i* ™ *^icory within tlio last throe 
in certain other types of prob?oms in tosSfof liypS 
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With ro^ard to HiHumntial analyHis thoro is one important point worth 
carefully noting. It is not a gonoralLsation of the previous theories in the 
sense in which, say, Wald’s theory of statistical inference is a generalisation 
of th<^ older tc^ehniciucs. It is an alternative ajjproach to a class’ of problems 
wlu(‘Ji the older thcH)ri(Js also could, after some adjuvstments, tackle but in a 
loss (dlfi(u<mt tnann(‘<r, i.e. with a larger (but fixed) number than the average 
sampling munlxu’ recjuired by the o})timum sample rule of the sequential 
typ(% Hut this is meredy for certain classes df problems to which both would 
bo appli(;abl(\ It appears tliat there might be other classes of problems to 
which tlu^ ol(k^r theories would apply but to which the sequential technique 
would not })('srhaps be relevant* 

(loNOLunmcj Kemarks 

From the rough sketch attempted above, certain side developments, 
(,|uit(^ important in themselves and already mentioned in their proper places, 
have ha(l to bc'* excluded, partly, as indicated earlier, for lack of time and space, 
and par'tly also because th(‘y do not quite fit in with the scheme of presentation 
followed luu’c. To a siinilar reason is due the exclusion of techniques of 
multivariate analysis which Fisher, Hotelling and a few other distin- 
guishctl men have omicjluxl by their significant contributions and at which 
nunu^rous (common statisticjal workers all over the world including the present 
speaker have also laboured in tludr humble way over years. 

But <^v(ui under the limitations imposed by the particular objective and 
H(duun(*. of pn^seuitation, the sketch, as the speaker himself is well aware, 
is tar from achujuato ; it will nevortlteloss have served its purpose if it gave 
Homes glimpses however partial and inadequate, of the imposing'edifice, 
notables alike for its structural elegance and practical utility, of which 
tln^ main ar<?hit<xstH have boon Fisher, Neyrnan and Wald, but to the building 
of which have gone forth the labours of so many workers scattered far and 
wide. 
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SECTION OF PSYCHOLOGY AND EDUCATIONAL 

SCIENCE 

Puksidknt: Du, Zaktr Musain, M.A., Ph.D, 

TRINCIPr.LS IvDUCATlONAL RKCONSTRUCTTON 

Fjuknds, 

T lltaiik you oonlially for tlio bonoiir you have done trie by asking me 
to j)r(*si<le at llio Psycliology and lulucalional Science Section of the Indian 
Science Congr<\ss. 1 wish I descrvTd the honour; T suspect I do not. But 
you havi^ called me, so hen* [ ant. f am not a professional psychologist 
and have devoted the best years of my life to educational work. You will 
Itear with me, I hope if I place, before you at thi.s meeting some thoughts 
about educational n'construdion in our country. 

After a long night of bondage* the Indian people arc face to face with 
the (lawn of freedom. In spite of the enonr.ous difficulties of the very first 
days of its existence, our great social democracy is already engaged in 
hammering into shape a patterit of just honest and graceful living together 
which will make it, we trust, loved and respected by all men of goodwill. 
Indian education has a historic mission to perform in initiating and sustain¬ 
ing this fascinating pattern of civilized life. It should, therefore, be a 
matter of great concern to all of us as to how Indian education grows and 
d<‘velops. 'Phero is, as ycni know, no dearth of suggestions and proposals 
and sclu'mes for educational (‘xpansion, reconstruction and reform. Actuated 
Iw a real or ex]>ectcd social or economic change, an act of thoughtless 
intcdleclual imitation or a dceply-rooted. Weltanschauung, by an ex- 
agg(*rated ('onviction or just a tlecling fashion, the variety of these educa¬ 
tional proposals is simply l)t‘wildering. But a careful student will miss 
one. thing in most, perhap.s all, of them. There is seldom an attempt to 
give to these proposals of echicational rc-organizalion a scientific educational 
basis. Any field of non-scientific guess is the dilettante's paradise. Most 
of our educational thinM-n^T^, T am afraid, is done in the unchartered freedom 
of such a paradise! We may well deliberately restrict this wayward free¬ 
dom and try to relate our schemes of educational reform and reconstruction 
to a clear understanding of the educational process which alone, I think, 
can supply a scientific foundation for them. What, then, is the nature 
of this educational process? How is the culture of the mind possible? This 
process of mental culture or education shows a striking resemblance to the'- 
process of the growing development of the human body. As the body, 
from its embryonic beginnings, grows and develops to its full stature by 
means of suitable and assimilable food, movement and exercise, in accordance 
with physical and chemical laws, so cloes the mind grow and develop from 
its original dispositions to its full evolutionary cultivation by means of 
mental food and mental exercise according to the laws of mental growth. 
This mental food is supplied to the mind by the cultural goods of the society 
in which the mind is placed; its science, its art, its technique, its religion, its 
customs, its moral and legal codes, its social forms, its personalities. 
These material and moral goods of culture are, all of them, the product of the 
mental efforts of some individual or group. They are pro(lucts or images 
signifying the meaning their originators yrip^hed to embody in them, They 
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are objectifications of the human mind with a signilicance, objective exter¬ 
nalized facts with a meaning. l.n tliis objective form tlic}' carry the impress 
and portray the structure, vaguely, perhaps, at times, l)ut definitely and 
distinctly ot others, of the mind which formed them. The (piality of the 
tjhought and feeling of the desire and accomplishment of their creators has 
become latent in them. They are so to say, the store-house of their mental 


energy. 

Now, these cultural goods are the only means of setting the educational 
process into motion, they are the only food for the cultivation of the human 
mind. Surrounded by the treasures of culture, which society has placed 
at its disposal, the growing miiul, uncomsciously at first, more and more 
consciously later, takes hold of these cultural goods and uses them for its 
gradual development. When these goods of culture are so used they 
become educative goods. 'I'hey wei'c first products of culture, they tiow 
become producers of culture; cultivated minds had produced them', they 
now cultivate minds. Bitt, and that is important to remember, every mind 
cannot make use of the same cultural goods for its cultivation. ' What, 
then, are the goods on which a certain mind can thrive and grow to its full 
development? This brings us face to face with human indivitlualily. 
Every man has his own specific way of reacting to the world of men and 
things. We trace this to the peculiar configuration of his physical and 
psychical functional dispositions and call this specific mode of reaction, 
which expresses itself in feeling, willing, and acting as well as in ix'reeiving 
and thinking, his native individuality. On the basis of this original indi¬ 
viduality, hardly .susceptible to any consideralde change, is l)uilt nj) with 
the help of objective culture a more developed individuality a Kebeiisfonn, 
a life-form, as Spranger ha.s called it. You are, of course, aware of the 
numerous attempts made to place the myriad individualities into grouits fur 
purposes of classification. The work of Bahnsen, Sigwart, Rihot, t’aulliau, 
Fomlle Stern, Spranger, Jung and Jaspers is, no doul)t, known to you! 
I would like te detain you for a while with the observations in this connec¬ 
tion of a great Kuropean educationist, CJeorge Kerschensteiner, who is not 
w 1 country. ] venture to do so on ace(,)mil of their 

fruitful bearings on the question of educational reorganization. 


_ We are all aware, says Kerchensteiner, of two basic psychological 
attitudes towards men and things—an attitude of coiitiiiiplatioii ami an 
attitude of activity. Now pure contemplation does not eonoem itself 
with acting on or producing anything in the outside objective world. But 
It IS not for that reason inert, it docs work up what it .imhihes of tlu- out¬ 
ride objective world. It is not just passively recejitive, it involves the 
inner mental activity of viewing and considering and rellectiiig and luedi- 
tatmg aird giving a meaning to the elements of consciousm-ss. It is an 
attitude of significant, meaningful perception, forming and shaping and 
creating in the realm of consciousness and in this sense active; allhough not 

observable in human beings which is 
toS if reah^zation of objective factual relation.4iips in the 

Si contemplative, as also of the 

actiye athtrtde can be either inamly .imitative or mainjy creative. The 


. Contemplation^ and action again^ can each be of two kinds in view of 
their aim, end and purpose. You can either be movea to contemplation by 
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the i)erccpli()n of objects or some of their aspects in the region of sense- 
experieijce or by their relations to something beyond experience, the end 
or purpose is either^ immanent or transcendent. In the first case it can 
eitlier l)e interested in the reality and existence of things, their being and 
becoming, how they came to be and cease to^ be, or it can be interested in 
tlieir pitrpose, their significance, their value. Both these attitudes of con- 
teinplation we can call theoretical attitudes, pure theoretical in the first and 
Ideologic or axiologic theoretical in the second case. The scientific goods 
of culture are the results of the objectification of these two attitudes. hi 
bolli of them there is a consciousness of sej^aration not only between the 
subject and the olijcct, between tlic coiitcmplalor and the thing contemplated, 
but also lielween the form <uul the content of the latter. 

^ In cases^ where contemplation is not concerned with the validity and 
reality of things but possessed of their outer or inner appearance, then, 
altliouglx the distinction between the subject and the object still persists, 
that between the form and the content vanishes. One does not, in such 
content by an act of rellection but direct experience. 

J his IS the aesthetic attitude. Its objectifications produce the aesthetic, 
the artistic goods of culture. 

The psychological attitude which gels its satisfaction by the contempla¬ 
tion of transcendental value-relationships is called the religious attitude* 
Jn some of its extreme foinns not only the distinction of the form and the 
content hut even that of the subject and the object is obliterated, as in 
cases of ecstasy, d'his is the mystic religious attitude. The objectifications 
of this attiludo produce the religious goods of culture, its religious codes 
and symbols and ceremonials and, not the least, its religious personalities, 
b'dr the mystic or the religious experience sets a torch aflame which burns 
through life, giving warmth and light to all who come close to it. 

Now, if we consider the active altitude as against the contemplative, 
the attitude, that is, which seeks to objectify factual relationships, wc find 
that it loo can be of two types according to the nature of its end or purpose. 
The end or purpose of an action is determined by the value one seeks to 
realize by means of that action. The satisfaction one desires from the 
action is due either to the value which the action has directly for the doer 
or to the value which it has in producing satisfaction in others. The active at- 
tude, then, is either egocentric or heterocentric. The egocentric active attitude 
can either aim at the acquisition, preservation and expansion of the material 
apparatus of life or at the eurichnient of one’s moral personality. Wc may 
call it egocentri'C material in the first case, egocentric-ideal in the second. 
The roots of egocentric action lie in the soil of self-prcscrvalion and self- 
assertion; those of heterocentric action in sympathy and affection. The 
heterocentric allilude can aim at the satisfaction of someone, not the doer, 
or of some group to which the doer himself docs not belong; or it may 
aim at the satisfaction of a group of which the actor is himself a member. 
We have the altruistic attitude in the first case, the social attitude in the 
second. A third active attitude is that in which the value of the action 
to the doer lies in the action itself , it is the a-social active- attitude, the' 
objective attitude. 

From these considerations Kerschensteiner derives three basic contem¬ 
plative types— the theoretical contemplative, the aesthetic contemplative 
and the religious contemplative—and three basic active types—theoretical 
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aesthetic, religious—each in four variatiujis, (lie (‘goct'Ulric, the social, the 
altruistic, and the objective. But pure types are rare; the coniiguration 
of individuality depends not only on the <loininance ol one or more of these 
basic forms^ but also on the varying degrees of intensity in which the several 
attitudes enter into its composition. 

We have now passed, in l)rief review, over tlie two essential constituents 
cf the educational process, the various types of mind to be educated, each 
with its specific dominant quality and the goods of culture, which are the 
means and instruments of their education, Ihcinsclvcs product.s of the vari¬ 
ous types of mind. Now the basic axiom of the educational process is 
that the cultivation or education of the individual mind is possible only by 
means of cultural goods whose mental stnictur(‘, wholly or at least partially, 
corresponds to its own mental relief. The .specific mental coustitutioni of 
the educand determines his original indigenous circle of interest. These 
interests are directed towards goods of culture wliicli are the products of 
similar mental constitutions, objecliiicaiions of similar interests. At vari¬ 
ous stages of the mind's development these interests may he said, to repre¬ 
sent the totality of that individual life and so, in their pursuit, all the aspects 
of individuality get, so to say, their exercise and attain their growth, "lliis 
is then followed by grasping similar cultural goods of a higheti complexity 
and the mind gets along from strength to strengtli in its development. And, 
what is quite natural, according to the principle of the heterogeny of cuds, 
Uiese interests branch off into newer and fresher side-iuteresls and these 
sometimes vie with the original ones in importance and vehemence and are 
responsible for the growth and deA'elopmciit of llu* other conslitulents of the 
•individual mental structure. The original leclmical-practical inl(‘rcst of an 
actively constituted boy may well grow into theondical ami m‘Sllu‘lic ami evt‘n 
religious interest. Jf, when this brandling off into newer interests takes 
place, the environment fails to place at the disposal of the growing individua¬ 
lity the cultural goods of the corresponding mental slriictur(\ these, budding 
elements in his mental growth may never come to bloom and sttirer permanent 
atrophy. You can not hope to educate llic Iheorclically-iucliued hoy except 
through the theoretical goods of culture and you can l)ring him to 
an understanding and appreciation of tlie other regions of culture 
also primarily through theoretical goods. Tht culture of the 
mind of the aesthetically-gifted pupil is possible only through goods 
of the aesthetic type; you will attempt in vain to educate him through 
goods of the theoretical or practical mental structure, dlie door to culture 
can be opened for him only by means of the goods of llu‘ aesthelic iirlistic 
type. Once this door to culliu'c is opened l>y Die key spedlically suited to 
a certain pupil, many avenues may lead into the vista, for regions of culture 
are not isolated islands entirely detachetl one from the other, they arc joined 
to each other by a thousand connecting links. When once the mind begins 
to assimilate the menial food provided by goods of culture adequate to the do¬ 
minant feature of its own structure,, other menial (tualilies—and always a 
number of them are present or manifest themselves at various stages of the 
mind's growth—also get a chance o'f developing on goods whose mental 
pattern corresponds to them. Fi'oin art to science and technique, from 
science to art and technique; from techniciue to science and art a thousand 
transitions in a lliousand nuances are possible. But if some of the forms 
of psychic structure are entirely absent from a mind, then the cultural goods 
corresponding to them cannot be the means of cultivating it. We cannot 
bring the unmusical ear to experience the real beauty of a great symphony; 
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wo cannot hope to cuUivalc tlie mind of a colour-blind person Ihrongii 
inaslerpicces of painting. We knock in vain to open out before most of 
our children the windows to the cultivation of the mind by means of theore¬ 
tical instruction, for in that age-pci'iod the dominant psychical attitude is 
one of partial activity. Ivven that precious cultural good, personality, can 
make its coutrilmlion to the cultivation of other minds only through tlie 
basic attitudes of a social mental structure, through sympathy, love, coiih- 
dence and reverence. Jvven personality can speak to us only in our language 
the language of our soul, wJiich is the language of our specific menial struc¬ 
ture. hmtirely alien structures represented in a personality are beyond our 
comprehension and we (%a’n just pass it by without being any the better for it. 
rersonalities embodying mental structures analogous to our own can grip 
us as fc^w things can, and help us on in the course of our menial and spiritual 
development.^ The ilame of culture is transferred more effectively fi'oin 
a soul to a kindred soul than through the agency of material goods. Ivvei'y 
cultural good, in short, has an educative value besides the cultural value 
attaching to it in its own region of culture. This immanent educative value 
the cultural goods possess only in relation to mental structure which corres¬ 
pond to the mental structure of their producers. “Education.'’ it has been 
rightly said, “is the individualized subjective revivification of objective cul¬ 
ture. it is the transformation of the objective into the subjective mind." 

It is one of the most important tasks of scientific education, as also of 
cultural psychology, to discover these educational values immanent in cultural 
goods oi: various kinds. It is also one of its urgent tasks to classify Ihe 
multii)licity of psychic dispositions into psychological types, mental reliefs and 
life-forms. Since culture, in its rich diversity and overwhelming totality, 
cannot at once act as an iustrumcat of education, it has to be divided up into 
separate cultural systems as adectuatc means for the education of the corres¬ 
ponding types of mind or the corresi)oiiding aspects of a mental structure* 
But the culture of the individual also implies an organic unity of its various 
constituents; it is, Iherefoi'e, the educational psychologist’s task to discover 
how the mind can jxiss from one dominant psychic attitude to another and 
how unity can be achieved among tlie various elements of the mental struc¬ 
ture growing into a harmonious personality. Eor, as Simmel has well said, 
“culture is the path of the mind from a narrow dosed unity, through an 
unfolding expanding divei^sity, to a developed expanded unity." . 

1 -et us cast a glance now at our scliuols in the light of our basic axiom. 
1 liear some one say that the view, of individualization of educali(.m this 
axiom seem.s to demand, is nothing new, good teacher.s in our schools have 
all along practised it, our teacher’s Colleges have already long been advoca¬ 
ting it. Words sometimes deceive. Yes, there has been individual atten- 
lioti to pupils—it does not matter for the argument if the quantity has been 
infinitesimal --Imt that has been confined to finding ways and means of intro¬ 
ducing individuals to a certain cultui*al good, and it has never meant select¬ 
ing different cultural goods for the education of different types of mind. 
I'he axiom of congruence between the mind which is to be educated and the 
cultural goods which arc the means of its education demands consideration not 
only of the subjective but also of the objective side. It requires that schools 
should not be so one-sided in their instruments of education as they really 
are. The multiplicity of schools-subjects—a multiplicity that is constantly 
growing and practically every proposal for reform concludes witli a further 
addition to the number— may make one feel that this charge of one-sidedness 
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is not well-founded. A little scrutiny will show, however, that it is a very 
onc-sided multiplicity, Ju)r these educatioiial media arc mostly of a siiuilai 
kind, they correspond to the theoretical attitude of miiul.^ ICven the choice 
of theoretical goods is very one-sided, for with the excej^tion of some sort of 
history—which too is usually disjointed itiformalton---one inisses in emr cur¬ 
ricula all scicnCess which deal with the objective relationships of individual to 
society, with state, law, education, ecotiomy, sciences, that is, which could be 
useful in the cultivation of the social aspect of min(l. C.)j\c further misses 
ill the curriculum goods of the moral-egocentric, goods ()f 1u‘teroccntric altrus- 
lic, and the hetcrocentric social, goods of the practical-technical and goods 
of the objective attitudCvS of mind; that is, one misses all the goods of cultun‘ 
which can be the most potent means of education of tlie vast majority of 
youthful human beings, goods which do not only explain in a theoretical 
fashion the aims and objects and inoi”al forms of social life hut which luakc 
the young directly experience these aspects of life and thus help effectively 
iri the development of these aspects of mind. And even in the choice of our 
theoretical goods we sometimes just lump together the mathettiatical, the 
scientific and the linguistic, unmindful of llie fact that they correspond to 
three distinct varieties of tlxeoretical talent Yet, in spite of these defects, 
iuspite of the obvious neglect of several aspects of mental development, no 
one can say that the time-tables of these schools are not already full with 
subjects to overflowing. Where, under the smothering weight of these sub¬ 
jects, is there any room for the pupil’s own initiative and spontaneity? Hew 
is that to be explained? It is to be explained l)y the tendency to mistake in¬ 
formation for education and by the great prestige enjoyed by what is called 
general culture. We must hasten, 1 am convinced to fight both these thorough¬ 
ly wrong notions. We should learti to distinguish between the infonna- 
tional and the educational values of the various sul)jects of study and should 
look upon the school as a place of educating the uund and not of mnussiug 
ill-digested information. When we teach many languages we feel we arc 
giving much education, although for purpose of the development and dis¬ 
cipline of the mind all foreign languages have a similar (luality. The habits 
of logical thinking can be developed by means of Cireek as well as by means 
of , French, grammatical concepts can be grasped in Sanskrit as well as in 
Arabic, aesthetic perception can l>e (luickened by reading Sophocles or 
.Shakespeare as well as by reading Kalulas or Mutanabbi. lY*.om the point 
of view of "the cultivation of the mind the important point is the consideration 
to which of these lends itself to more effective use for these educational 
ends. The natural sciences, similarly, are all good instruments of training 
in habits of logical thinking and in the formation of t‘xact and precise concepts 
—one as good almost as the other. The various brandies of mathematics share 
the immanent educative value of logical formal thought and exact concept- 
formation with the natural sciences and arc helpful besides as training in 
functional thinking by means of analysis and in spatial perception by moans 
of geometry. ^ One foreign language, one of the, natural sciences and mathe¬ 
matical analysis with plane geometry should suffice for the education of the 
capacities latent in the theoretical structure of a nffnd representing all the 
three intellectual aptitudes involved. But the education of the mind is appa¬ 
rently not considered enough—^a man ought to know and know more and still 
more. For that is considered to be general liberal education. 11 ie goods of cul¬ 
ture, adequate only to a certain theoretical menial structure, are heaped one 
upon the other to the great detriment of the real culture of the mind, A good 
of culture, to yield its full edjucativc value, requires the singlcmiuded devotion 
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of a corresponding menial structure whicli should, as it wore get posscs- 
.sx‘(I of it, reproducis reconstruct, reshape it on its own, Such preoccupation 
with a good of culture demands self-limitation, hut it also postulates elements 
of knowledge pertaining to other regions of culture and it is here that the 
mind begins to Gist its net wider and draws nourishment from the adjoining 
cultural^ regions. The introduction to these fresh fields is best secured when 
the subject's absorbing interest in its work or study brings him face to face 
with problems wher(‘. knowledge of other fields of culture is helpful and 
fruitful. That is lh<‘ way to general education and not an agglomeration of 
similar cultural goods, with e(jual emphasis on all, from begining to end. 
General liberal education can only be the fruit of a life-time-of devoted work 
on goods of culture corresponding to one’s specific mental relief, the train¬ 
ing and nurture of .one’s innate mental capacities and then through this 
developed agency partaking of the other cultural values whose doors may not 
be totally .sealed for want of the corresponding mental configuration. We 
may not i)rcsume this fruit to fall into the lap of a youth of t6 ! Many- 
sidencss may be the end, to aim at in the begining is to dissipate mental energy. 
No, if our educational system is to be reconstructed in the light of the basic 
axiom of the educational process, it will have nothing to do with this inflated 
valuation of information nor with this naive over-estimation of an impossible 
general culture. 

But there are obvious difficulties in reconstructing our educational edi¬ 
fice on the foundation of this axiom of congruence between the subiective 
and the objective mind, Tt may sound all right in theory, some would say, 
bill how can it work in practice? How shall we discover the mental struc- 
tur(‘s of llie tnillioits of boys and girls who will now pass through our nation¬ 
ally conducted schools? Who will distinguish any differentiations of struc¬ 
ture among boys and girls of six or seven coming to our Basic Schools? 
Even if at the age of it or T2 you succeed in noticing in a number of pupils 
the manife.statton, say, of the theoretical, contemplative attitude can you with 
any degree of certainty predict the direction this theoretical attitude will 
finally take? Will you not be often deceived by passing inclinations into 
reading the presence of aptitudes which the pupil will very soon practically 
repudiate? The child is a great (‘xperimenter and tries its hand at all 
sorts of thing.s. Tt is great at imitalion. ‘Both these circumstances may 
mak(‘ ns assume permanent aptitudes where there is just an ephemeral incli¬ 
nation. Dtlotanism, even among grown-ups, is perhaps an infantile survival 
of these, tendencies. Then, a psychical attitude manifests itself at different 
times in different ])crsons, due partly to its place in the total mental con¬ 
figuration and partly to the total situation in which the individual happens 
to be placed, '‘Phese and many other circumstances seems to render the 
application of the axiom, ( have placed before you, difficult in practice. How 
are we to goi forward with educational reconstruction on the bawSis, of this 
axioin ? Can we at all ? I feel we can, and although T may not presume to 
detain you with details, I shall just indicate some of the chief thing$ we 
shall have to do. 

Tn the early years of the school system which we provide for the 
children of our nation, we should see to it that instead of initiating the child 
into several cultural goods corresponding to the same psychological aptitude 
we should provide the educative goods subserving all or as many as possible^ 
of the apitudes and refrain from making them all obligatory, .We should; 
above all, introduce the goods corresponding to the dominant psychical 
ebaracterestic of the early age period namely, practical activity. Qnb 
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can see, as one runs,. Hiat' the youtiff hitman heiiig-s durinff this 
age-period are preeminently practical and active in their alti¬ 

tude and disposition. They think, tts it were, with their htinds, jind 
learn by doing. 'I'hey seem to recaptitulale, in a w.ay, the whole history <jf 
the human race, whose intellectual work has grown out of tin* mamud.’ At 
this stage in life, when hoys and girls are bursting with active ene.rgv, and 
almo.st invariably insist on doing things with their hands, why sliouki we, 
in our self .satisfied stupidity, make them sit silent iind sombre brooding ov(‘r 
books and .swallow irrelevant, unwanted information, getting ])a.ssivelv educa¬ 
ted by others’ grace? Jwen if our one-sided intellectuals look upon' manual 
work with a degree of superior conlaiipt and .sneer at its possibilities as a 
real instrument of the culture of the mind, we should not hesitate l(j do the 
right thing by the education of om- futurd generations.. No in siiite even 
of all our Vice-Chancellors the No-More-Vice-Chancellors and the Not-Yet- 
Vice-Chancellors, in spite of all that the .so-called “men of culture’’ might 
say or insinuate, we .should make educationallv productive manual work the 
chief educational good in our basic, .schools. If authority be more convinc¬ 
ing than insight, it was no less cultured a man than Coethe who said “’Fhere 
are certain measures which should form the fundanumtal of all eiiucation 
With hand-work must begin all life, all work, all art.” 

_ Then, during the period folowing Basic Education, when the dilTcrcn--' 
tiations of mental structure become noticeable, the axiom of congruence 
between the subjective and the objective mind urgnitly demands a diversified 
.system of Secondary Schools or Colleges ade(|uale to the needs of develoii- 
ment of the chief types of mental make-up- theoretieid schools of the literary 
type theoretical .schools of the mathematical scientific typi's, technical schools 
art schools, agricultural and commercial schools and perhaps, Teachers' 
Academies. One thing, however, must he constaiilly koiit in view. We 
should remember that however scientifically wc diversify our secondary edu¬ 
cation, none of these new schools caii hope to he accurately ailapted to the 
spiuhc needs of iill indivKlual pupils in an eiiual measure iimumerahle. 
vaiiations an- ])ossihle within the .same type. It is therefore, essential that 
the whole tniie of the pupil is not claimed by the prescrihed work of the 
-thool and that opportunities are given and facilities provided for the pupils 

®P°".t'ineoiisly to aspects of culture not quite adcqSatcly 
represented m the required school programme. ^ ^ 

, education, I think, it is at these points of 
what may be ca led concentrated application” that the real otiportunities of 
and cultural growth lie for each individuil. By adopl- 
g he axiom of congraence as the guiding light throughout our schemes of 
educational reconstruction we seem apparently to limit the portion of ohiective 

b pp with the cultural goods which coTTC,spond to its make-un in work 
on them, to assimilate them, to reconstruct them, to chlS the™ inJove 
them, to live the values inherent in them and to venture to create similar 
x^rthenr^- and work earne.stirbe it in ^ 

Fo?by trifling wlS dlilV^^ applying itself to prartical-tcchnicll jSds 

jus? f, .1 ^^^h words, by 

get educated It p-efc? ^^chnical learning by heart the mind does not 

fmbodied iif approp^ate cu£^^^^ is gripped by cultural values 

them, reconstitXs thS emSh!^^ S"" u «°fi<^r«tand 

mem, creates them. All such work, mental or physical, 
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is educationally productive work and it is only educationally productive work 
that can educate. There is no other royal road to education. Our educa¬ 
tional institutions from the Basic Schools to the University will all have to 
be places of such work. Only so will the goods of culture be made to yield 
the values inherent in thtmi and the minds receiving education will live and 
experience those values. ITie mental energy stored in goods of objective 
culture by their producers and lying there as latent energy will, by the appli¬ 
cation of the kindred receiving mind, now transform itself into kinetic energy 
and help in the growth and development of the subjective mind. At our edu¬ 
cational institutions, which shall no longer be places of passive receptivity, 
but of active experience, the pupils .shall have facilities to experiment, to 
discover, to work, to libe; where work would fashion character and living 
would_ shape lives and like all healthy work and like all good life, they will 
grow into homes of co-operative communities engaged in fruitful co-opera¬ 
tive endeavour, with active efficient members exercising initiative and 
accepting responsibility, through an inner urge for self-discipline, self- 
realization and mutual helpfulness. The true value of knowledge comes 
only when it function; and only when its use is harnessed to the service of the 
absolute values does it reveal its true significance and exercise its liberating 
mission. _ In the words of an English educationist “Knowledge is idle in a 
community if it becomes the private possession of an esoteric coterie-. Know¬ 
ledge has redeeming and life-giving power only when it continually re-enters 
the life and work of the community.” Our seats of higher learning must 
become tcmpks_ of such redeeming knowledge and communities of such 
worth-while living. The reconstruction of our national education in the 
light of the basic axiom, I have placed before you, will imply nothing less 
than the transformation of our educational .system from a random growth to 
a consistent whole the transformation of our educational institutions from 
places of intellectual theoretical one-sidedness into those of practical human 
many-sidedness, from places of passive receptivity into those of active spon¬ 
taneity, from places of incoherent knowledge to those of thorough mental dis¬ 
cipline, from places of amassing information to those of living and experi¬ 
encing the values inherent in the goods of culture, from places of individual 
self-seeking into those of co-operative social endeavour. No reform which 
falls short of this is worth looking at. To bring about this great reform 
there is much that psychologist and educationists could do. There is, above 
all the urgent need of applying their trained minds to the two inevitable sides 
of the educational process, the objective and the subjective side. The psy¬ 
chological structure of the goods of culture, which are the only available ins¬ 
trument of education has to be carefully studied. The. various t3T>es of 
mental-reliefs and life-forms have to be throughly investigated. You have 
to find the enlightening answer to the two cardinal questions of education: 
What is the structure of cultural goods, of the diverse items in our cultural 
heritage? What is the structure of the individualities whose education is 
our concern? Without a clear answer to them education will grope in the 
dark. The selection of goods of culture appropriate as instruments for the 
cultivation of various types of mind, the initial division of the regions of 
culture and their ultimate possible integration, the problems of the curriculum, 
that have to be scientifically dealt with—problems usually left to the mercy of 
complaceent superior whim, comfortable unintelligent tradition or conside¬ 
rations extraneous to the demands of the educational process advocated by 
ignorant vehemence in places of power. The problem of the classification 
of schools according to the domip5mt life-forms the proper canalization of 
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the main stream of pupils coming from the more or less iin<lirrereutiat(‘(.l l)asic 
schools to the diverse types of secondary institutions will need your guidance 
for a right solution. And guidance will not be enough, a fairly Tuunorous 
staff will have to be trained to perform the, work with some degree* of scien¬ 
tific reliability in a fast expanding system of nalional (‘ducation. Ours is 
a big country and when our democracy sets about the lask of educating its 
masters—and sot about it, it must immedialely, if disastt'r is to 
be avoided—we shall re({uire an army of teachers so nunu'r- 
-ous that many arc staggered by the mere nuMition of its 
size. Now the selection of the right type of teachers and their proper e<lu- 
cation is a task which cannot be left to chance or hasty improvisation. All 
educational effort is doomed to ignominious failure if we do not succeed in 
selecting the,persons best suited for this work and in. (‘((uip])ing them as 
effectively as possible for one of the most responsible tasks of society. You 
will have to tell us as to who shall be privileged to ])crform this most impor¬ 
tant of national services, how to select these teachers. A thorough anrdysis 
of the nature of the educators’ work, an intelHg(*nl dt'lermination of the 
type of life-form where the capacity for such work has to Ix* looked for, an 
appreciation of the additional qualities for a teacher of a number of pupils, 
as distinguished from an individual preceptor, will be necessary if you are 
to give anything like convincing helpful guidance in this important choice*. 
Ample work for our psychologists and educationists, Imt fascinating work, 
too, in view of the great possibilities of thought and research as also in vk‘w 
of the promise it holds of rich harvest. .1 shall not have entin'ly wasted 
your time here if I succeed in persuading at least some of you to taka* up thivS 
significant work. 
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Tllli; NEW MATHEMATICS 

{Delivered on January 6 , 1948 ) 

MkMUKKS, UkUKUATUS, I^ADIKS and GliNTLEMIiN, 

J npin-cciau! very higlily the opportunity which has been afforded to me. 
of pai'ticipaliug in the yearly activities of this Congress after a break of 
iiiany yeais. 1 he pleasure is all the greater as we are meeting today under 
the auspu'cs oC a National Government which is keenly alive to our 
lechnolog'ical ueecls and is trying to plan ahead to future of Scientific research 
Diid education in this country, it is well-known that Mathematics occupies 
a key-position in relation to Scientific research genex'ally, -by providing the 
basic schemata for the accui'ate- description and understanding of natural 
phenomena, so much so, that if we wish to chai*acterise by a single word the 
outlook towards Nature, which has resulted in the scientific and technological 
advances of this age, it should be called the ‘mathematical outlook/ We 
ourselves as people Ixjast of an ancient culture with innumerable ramifica¬ 
tions t)enuealing every department of individual and collective life,—a culture 
which, as it has stirvived today, is more of a relic than a living force; in iis 
essential eWmeiits, aiul in its methodology and technique, this culture 
may I>e appropriately described as a comprehensive science of the Real, and 
remains as a itui(juc acliicveinent at the present day. With this record, it 
ought not to be <Hfficult for us 'to seize on and assimilate any new elemeni 
or outlook in any particular age, to participate in working it out, and do 
our sliarc in the building of a civilisation. In the unfoklment of humajii 
evolution, the ‘Mathematical outlook’ on Nature characteristic of this age, 
is definitely a new manifestation; its representation in our own' indigenous 
culture is feeble, being limited to a bare recognition of ‘sankhya’ (number) 
as a tulzm, (basic principle of existence) In very early times and the inven¬ 
tion of elementary Arithmetic and Algebra and an approach to the differen¬ 
tial calculus, about a millenium ago. From these lowly beginnings, mathema¬ 
tical .science has grown through the ccntixries step by step with the physical 
sciences, till at the present day, it has woven itself inextricably into our 
description of, and outlook on Nature. Speaking broadly we may recognise 
three successive stages in this gx’owth. The first stage is that of elemen¬ 
tally mathematics—Geometi'y, Algebra and Arithmetic, and elementary 
fuixclions. The second stage Is that of Analysis, that is, the rigorous estab¬ 
lishment of the number-concept, and the theory- of functions of real and 
complex variables, with tlxe mastery of infinite processes, which now reveal 
themselves as the chai'acteristic feature of mathematics. It is this stage which 
has equipped mathematics with its powerful tools and has enriched so many 
odher branches of knowledge & technology, the Sciences of Mechanics & 
Astronomy, the field-theories and boundary value problems in Physics, 
and Thermodynamics. It was the spacious age of the 19th century 
which witnessed this great development of Airalysis and its expansion into 
farflung applications, and left people with a vast sense of power 
and with the feeling that there was little-more that remained to be done in the 
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elucidation of natural laws and their precise mathematical formulation. But the 
Time-Spirit delights in providing surprises, and this feelihg has been entire¬ 
ly falsified in the sequel. The third stage of mathematical thought, which 
coincides witli our own, time, while taking up all the tools of Analysis, 
operates with ideas and structural-patterns which transcend the limitations 
of Analysis. It isl no accident that this third phase of mathematics has 
followed so closely the revolution in classical physics; indeed, it was the 
difficulties of Atomic mechanics and their resolution by means of the quan¬ 
tum and the wave theories, which have helped directly and indirectly to 
stimulate the more powerful structure-patterns with which prescirt day mathe¬ 
matics operates. It is a fact that we in this country, have so far failed to 
assimilate in any appreciable measure, this last and most powerful phase of 
mathematical science. And the reason lies not in the lack of students, for 
we have capable students willing to learn, but in the lack of organisation ot 
our Universities, and in the fact that our universities left to their own auto¬ 
nomy have no sense of direction. Incidentally, the reason lies also in the 
tact that we do not have a sufficient quantity of men equipped with a broad 
scientific culture, to go round, for manning the administration of our Um- 
.vtersities. Unless something can be done to remedy this state of affairs, 
„I am. afraid we will be left to crawl far behind the front line of scientific 
.progress. 

It remains for me to sketch briefly thie contours of the. new mathematical 
thought, and to indicate its bearings and its methodology. 

If Mathematics is considered to be .simply Aaialysis, il.s definition would 
be .'Mathematics is the science of number’; ancl tire olajects which Mathematics 
deals with, would be real number, .sets of real mtml)ers, and functions of 
numbers. But the new mathematics accepts real numbers only as a parti- 
:cular category of concrete objects, and deals generally with relation-structures 
tthat is, sets of abstract objects, comiccted by relations with postulated pro¬ 
perties. The relations in question may also be such as to lead to operations. 

. In practice, the structures which are of frequent occurence arc, the topological 
■ space, the partially ordered set, and the operation-structures, called the 
group, the ring and the field. The important thing about these structures 
is theiri abstract character; that is, their elements are not restricted to be of 
any specified nature (like real number, or complex number or function). It 
is interestmg to observe that these structure-forms are already implied 
•in,'the genesis of tbe. real number system which is the foundation of Analysis; 
•this accords -with the general principle that the nev'’ knowledge we obtain must 
dready be present in genninal form, in what we consider as familiar. For 
in the first place, a cardinal number like 2 is the name of the common quality 
present in a family of all equinumcrous sets—namely, the family of all 
couples. _ An equation like 2 -l- 3 =s raeans that set-union of a couplet 
and a triplet is a quintuplet, provided the couplet and the triplet have no 
common members. But the family of all sets is partiall)' ordered. Thus 
the lin^rly ordered additive structure of cardinal numbers arises by a 
a certain restriction from the partially ordered system, of sets. Thg next 
stage in the development of number is the signed integer. The conception 
of negative number is often explained by means of the dual experiences of 
forward and backward, right and left, owning and owing. It may also be 
explained by saying that the mind already possesses the intuition of group- 
structure, and seeks to complete it. No objective explanation has ever been 
•. advanced, of the law that the product of two negative numbers is positive; 
the only possible explanation is that the mind already possesses the intuition 
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of the ring-structure, and seeks to realise it in tlie system o£ positive and 
negative numbers. Similarly, the manifestation of the rational number, may 
be explained either by the experience of unlimited divisibility of matter, or 
by the mind already possessing the intuition of field-structure," and seeking to 
realise it from the signed integers by completing the multiplicative group 
The final stage of the genesis of the irrational number and the linear conti- 
nuam, may be called the topological moment in the development of number; 
here the irrational number arises to ansv^er to the continuity 
(or more precisely, the local compactness) intuited in the sense-extension. 
Here, the dual explanation of the stages of development of number, one in 
terms of the mind, and the other in terms of the objective experience, would 
not be permissible if we take the European view that the mind is something 
that is set against Nature and opposed to it; it would however accord with 
the view of Indian thinkers that the mind is itself the primary aspect of 
Nature, and that the harmony between the manifestation of the idea and the 
objective experience is already implicit in Nature. 

Thus the structural forms of the new mathematics have a primordial 
character. The different structure forms have to be studied separately as 
individual disciplines, though in actual applications they may occur mixed 
up together—so that for instance, we may have a function-space which is 
simultaneously a ring, a partially ordered set, and a topological space. It 
has already been mentioned that these structures are abstract, and therefore 
of a corresponding generality and universality. Some important 
applications of these structure-forms may be mentioned. It would be im¬ 
possible to study the function-spaces connected with microphysical vibrating 
systems without a background of topology. • The theory of representations 
of groups and rings has fundamental applications in quantum mechanics. 
The theory of partial order has been applied with great profit to the theory 
of probability and the Ergodic Theory. Apart from these standard ap¬ 
plications, quite an appreciable part of present-day mathematical research 
consists in the recognition of these forms in older mathematical theories, and 
a re-investigation of them from the new view-point; as for instance the cal¬ 
culus of variations and functions of a complex variable. It is certain that 
it will take several decades of research on these lines to assimilate the new 
forms to current mathematical thought. 

But the greatest significance of the new mathematics has yet to be men¬ 
tioned. So long as one considers Mathematics- as co-extensive with Ana¬ 
lysis, it would be, justifiable to say that Mathematics is merely an aid to 
calculation, or a technique of manipulation. It would be a tool, to be 
used after a scientific problem has been reduced to the tenns of number and 
function. But such a description is no longer applicable, as th6re is no 
necessary reference to number in the basic disciplines of the new mathe¬ 
matics), or eveni fa'some of their specific applications. For instance, the 
classical propositional calculus, as well as certain new unorthodox systems 
of logic like Intuitionist logic, or the logic of strict implication can be brought 
under the structural forms of the new mathematics, and investigated, for 
all the world as a regular mathematical discipline. Another very remark¬ 
able and instructive case is that of Projective Geometry which developed 
from the classical geometrical system of Euclid's Elements. Poncelet in 
his Traitc* dc Geometric Projective, gave a synthetic exposition' of Projec¬ 
tive Geometry without making use of co-ordinates, but it is knd^n from 
recent historical research that Poncelet did use analytic methods in his actual 
work, though he suppressed all reference to co-ordinates in his published 
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exposition.* In other words,- historically there had been no real separation 
of Projective Geometry from Analysis. It is only under the impetus of tlic 
new mathematics, that Projective Geometry has displayed its real forui as 
a mathematical discipline which had absolutely no reference to Number and 
Analysis. The available books which treat Projective Geometry as an 
aximatised discipline, generally concern themselves with treating a set of 
necessary conditions which progressively reduce Projective Geometry to 
ordinate geometry usuallv so called. These instances siinice to show that 
the new mathematics cannot be described as a mere, technical device 
of calculation, that it is rather a way of looking at things in general -a 
methodology of thinking. This raising of the status of mathematics from 
a mere specialised discipline to an aspect of a broad humanistic culturo is 
one of the most arresting and signiftcant features of our modern scientilic 
civilisation. It is because of its character as a general methodology of 
thinking that mathematics has found applications beyond the scope tratliVion-- 
ally ascribed to it. It is clearly a matter of the utmost importance fur 
general scientific progress, to make widely known and to popularise this as¬ 
pect of modern mathematics to the inlelligciit and cultmxd public. It is 
a matter for gratification that a movement for this purpose has been started 
about a decade ago in the U, S. A., and is doing excellent work with the 
journal called Scripta Malhematica as its organ. 

The status of mathematics as a method of thinking and reasoning which 
is an essential element of modern scientific culture, is tlie i)ositive and final 
answer to the question which has been and is being askt'd by persons who 
claim to be practical—‘What is the use of abstract mathematics?’ 'The humanist 
can 01 course answer that personality is the highest value, and that all values 
whose pursuit integrates^and develops personality must be accepted as useful. 
But ordinarily the persons who are capable of seriously pulling Ibis question, 
are precisely those who would not bo convinced by this answer. It will 
then be necessary to counter this question by another which is more difficult 
to answer—What is the use of Use? But very oftem the same question is 

w.Uh a greater show of reason, in regard to some particular toi)ic of 
mathematics. Tor example, ihe Vice-Chancellor of an .Indian University 
asked me in all seriousness ‘what is the use of topology and abstract spaces r’ 
Or, one may feel troubled by the question whether the Analytic 'Fheory of 
Numbers, or the laws of asymptotic distribulionj <d primes .can be said to 
be ‘useful’ in any sense of the term. 1 recall in this connection, the late 
Prof.'G* H. Hardy, in whose death reported last month, tlie world has lost 
a great mathematician who created new methods in the Aiialylic Theory of 
Numbers. Prof. Hardy was not a protagonist of the new mathematics I 
have been describing, but an analyst using and furthering classical methods; 
in regard to the question of the ‘use’ of such subjects as the. Analytic theory of 
numbers, he was practically certain that they would never turn out.to be <,)f 
any use. Pie expressed this conviction in his characteristic mock-serious vein, 
by challenging anybody to prove that pure mathematics is of the slightest 
use to anybody. If the issue is to be raised in this form, one is bounds to 
reply, that it will be even more difficult to prove that pure mathematics can¬ 
not be of any use. After all, a question of this kind can be decided only on 
the basis of the general view wc take of Nature, and its relation to the human 
mind. If we take the typically ICuropcan view, which 1 have already referred 
to, that the mind is something set up in opposition to Nature, functioning 
as‘ its interprete r and pai'tly as an independent thinking organ, then it is 

*E. T, Beu., Development of Mathematics, 
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' purely a toss-up, whether any particular cogent idea-form does or does net 
have its counterpart in some typical process of Nature, If on the other and we 
adopt the traditional Indian view that Nature is triple, that is, it is a com¬ 
plex of three nuitiially linked-up but distinguishable lokas or objective 
worlds, then the mind is a primary form and the self-interpretative form of 
Nature, and the cogvnt ideational formations in the mind contain the clues to 
the forms of her slock processes. It is true that Science has meant so far, 
both to Ihe West and to us, the investigation of only one of these three lokas — 
in fact, of the material or outermost husk of Nature. But there are tradi¬ 
tional disciplines for experiencing these worlds, and some time or other hu¬ 
manity is bound to arrive at a perception of them. Then Science will come 
to its own,-and will come to mean what it has always claimed to mean, the 
understanding of the laws of Nature as a whole, instead of a section of 
Nature. Inclecd in some of the conceptions about the ultimate constituents 
of ])hysical Nature, and in the wave-corpuscle duality of inicro-physics, we 
seem to have arrived, though by a devious inferential path, at the portals 
of <V subtler world which w^e have yet to penetrate in experience. It is 
.extremely probable that the repciTtoire of this triple Nature consists only of a 
few very general structural, patterns which she mixes with amazing skill, 
and disguises in innummerablc contexts, in order to bewilder and attract 
,thc wSelf of Man. It is certain that when the mind is concentrated on any 
system of ideas, for example, a mathematical theory, some substance which 
may be called mind-stuff, following the mathematician Clifford, is thereby 
thrown into Stress and movempnt, and forms structural patteriy>. Suppos 
ing the matlK‘matical theory in question is the theory of distribution of 
primes, we may counter Prof. Hardy's challenge, by challenging any one -to 
])rove that the corresponding structure-patterns of mind-Naturc can be des¬ 
cribed and elucidated 1 without appealing to the properties of primes. 

We have seen that Mathematics is essentially abstract in the sense that 
it is concerned with the pattern of the relation-structures manifested in 
natural experience. It is true that all science is abstract and formal, in 
that it abstracts only the significant elements from the total complex of a 
situation; but Mathematics is abstract in the second degree, since the forms 
and patterns which it studies are purely conceptual and devoid of sensory 
elements. The symbolism characteristic of mathematics arises from the 
necessity of holding separately in thought, the elements which go to make up 
these patterns. The methodology of mathematics was first elucidated by 
Hilbert in his famous 'Theory of Proof.' In trying to discover -what con¬ 
stituted a proof, as undcr.stood in mathematics, Hilbert asked himself the 
question "What does a mathematician really do when he solves a problem." 
He found that firstly there was an abstraction of the significant elements of 
the proldem, secondly a representation of these significant elements by sym¬ 
bols, and thirdly, a play or operation with these symbols according to certain 
accepted rules. Even though the original acceptance of these rules might 
have been motivated by the meaning of the symbols, still the operatic^no with 
,the symbols in accordance with the rules is purely mechanical without any 
reference to their meaning. In the fourth and Ipt stage, the result of the 
operation with the symbols leads on interpretation to the solution of the 
problem. According to Hilbert these are the characteristic features of any 
deductive process; the accepted rules according to which the symbols are 
operated are the postulates of the deductive -process. Hilbert called the 
mechanical play with the symbols mathematics, while the processes in the 
mental background which supported and guided the play by a consciousness of 
the meaning of the symbols were generally called 'metamathematkaV 
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The interest in this analysis of the deductive process into a mathematical 
or formal part, and a nietamathcmatical part lies in the fact that it applies 
also to logic. Taking account of this, we may define a ‘deductive system* 
in a precise manner as follows. Let K be any abstract set between the 

members of which there may subsist certain relations Ei, -> Rk. Let 

certain properties of these relations be considered and expressed as pro¬ 
positions Ai. Aj),-, An. Assume now a system L of logic consisting 

of (i) propositional calculus, or the logic of the connectives, and, or, not, if 
-r-then, between propositions not analysed into subject and predicate (2) 
logic of particular and universal propositions (3) a definition and properties 
of at least the integers or finite cardinals, and if necessary of the Iransfinite 
cardinals. All propositions which can be derived from Ai,» Ag? • * • - An hy 
such a system of logic are said to form a deductive system. It is clear that 
logic itself can be exhibited as a special case of such a deductive system. If 
P is a proposition expressing any property of the relations Ri R2 ... .Rk, ^'t 
need not be the case that either the proposition P or the proposition not-P 

is derivable from At. A2-An by the assumed system of logic; if neither 

P nor not-P.is thus derivable, P or not-P is called an undccidahlc proposition 
of the deductive system { K; Rt, Bo ; Rk; At , Ao --, An; L. f A deduc¬ 

tive system which contains no undecidable propositions is called complete. 
If the deductive system is incomplete, then a method of rendering it complete 
is to go on adjoining to Au A21 • • • - An any undecidable propositions which 
may present themselves at each stage. The totality of deductive systems 
thus arising from a given incomplete deductive system, are said to form a 
deductive, theory. Thus, the three basic relation-structures, viz, topology, 
partial order and Modern Algebra, which I mentioned as the subject-matter 
of the ne^Ov mathematics, should not be considered as deductive systems, !)Ut 
as deductive theories. This because in a subject like, for instance, topology, 
we not only study a general system of postulates which result in topological 
structure, but are also interested in knowing what further postulates we 
should add to arrive at spaces familiar to us, such as liuclidcan space or 
Hilbert, space. Similarly, Projective Geometry is not a deductive system, 
but a deductive theory; for, starting from the most general conception of 
projective geometry, we are, as< I already mentioned, interested in finding 
out, what further assumptions we should make in order to arrive at ordinarj 
coordinate geometry. Thus Hilberts* analysis of the deductive process leads 
us to the definition of mathematics as the class of all deductive theories. The 
real number, which is the original subject matter of Analysis, would arise 
on this view, from the^ deductive theory .of linear order’ More precisely 
on the lines of Dedekind, it would be defined as a section of a dense 
puntable linearly ordered set without first and last elements. Now, I have - 
indicated in my book* how the theory of sections may be extended to partially 
ordered sets. ^ It may be expected that those partially ordered sets every 
section of which is a cut would have an importance for generalised Analysis 
similar to that of the real number. It is not known how such sets may be 
characterised, or whether they can be defined in terms of real number. 

This view of the methodology of mathematics is called formalismj and 
accords best with the actual thought process of the mathematician at work; 
it has the advantage that it sees no essential difference between logic and 
mathematics, and presents them both as instances of the deductive system 
consisting of a symbolised, or formal or mathematical part, and a 
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motainathcnialical part. There are two other views wKich may be taken, of 
the nature and methodology of mathematics. These are called logistic and 
intuitionism. Logistic is broadly similar in outlook to tormalism, with the 
difference that it is less general, and prefers to regard logic as the foundation 
and mathematics as the superstructure. Intuitionism differs sharply 
from the othei'’ two, in its reaction to the Infinite; and also denies, that 
mathematics an be completely formalised. To the intuitionist the unending 

ordereil system of the cardinal integers 1,2,3,_is given to us by intuition, 

and constitute the jirimary objects of mathematics. In his view, mathematical 
existence is the same as constructibilily, by a mathematical process; in other 
words he ilenies the principle of excluded middle, except in the case of a 
ruiite number of possibilities, and does not admit the reductio ad absurdwin 
proofs based upon it. i’or a sample of intuitionistic reasoning and procedure, 
the article on Mntuitioni.st theory of linear order’, by Dr. K. Chandrasekharn, 
])ublished in the Mathematics Student, a few years ago, may be referred to. 
In this coiinectioii, it is impossible not to be struck by the fact, that the 
infinite was a frequent subject of discourse and dispute in classical Indian 
dialectic, and that the unrestricted use of the principle of the Excluded middle 
was discarded in Advaita-vada, for apparently much the same reasons as in 
Intuitionism. The infinite of the Brahma-Vada and the Indian Scriptures, 
was no doubht something which was beyond the power of thought to seize 
and characterise. It is therefore something which is more radical than the 
infinite which is presented in the well-defined contexts of mathematics. It 
must nevertheless lie admitted that in mathematics, which contains the basic 
principles of our scientific, outlook, the Infinite has left its traditional refuge 
in the transcendental realms, and has come out into the open. For, whatever 
view we take of the nature and methodology, of mathematics, it is funda¬ 
mentally a .science of infinite proces.ses, a science of the positive infinite; 
indeed, every technologicd application of tlie differential calculus may be 
viewed as a traffic with the Infinite. At every step in mathematical thought 
we contact the Infinite and meet it frontidly, and it may even be said that 
we seize and hold the Infinite, or at least its tail. It follows that the founda¬ 
tions of niathemati.es, and the philosophy of both Analysis and the new 
matheniatic.s, I have been describing, would be a study, which comes as a 
natural continuation of our classical philosophic record; it would be a fit 
material for an analytical Intellect, sharpened on the heritage of the Indian 
dialectic. It is however a fact tliat no student of Indian or European 
philosophy in this country has so far entered into this realm. This neglect 
can no doubt be explained by the presence of various difficulties and barriers 
of thought. But the interests involved are very great, since it is a question of 
revivifying our ancient culture, and bringing its powers to bear on the 
])rcsejit day problems of modem science. And the barriers can easily be 
broken down if Universities and learned institutions offer special induce¬ 
ments for such a study. It is all the more necessary for these bodies to 
bestir themselves on this matter, as the logic which is taught in our graduate 
and Honours classes is an old-fashioned stratum of the subject, which is 
completely out of date at the present day. The logic, studied at the present 
day, is formalised to the extent of being completely symbolic; in this form, as 
I have already explained, it is a deductive system or deductive theory, as 
conceived in the formalistic doctrine, and can be hardly extricated irom 
mathematics. On the other hand as taught in the formalist view, there 
must exist concurrently with the symbolised or ‘mathematical’ part of logic, 
a ‘raetamaliicmatical’, or as we may cs^ it a ‘metelogical’ part, concerned with 
,tlio meaning of the symbols, and this metaloj^c must be doselj^ c^I^te4 
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fl|i,}9pgwg@, larid) lingtiisticsj ''"Thusi 'mbfeehiiaiti.cS*,"l6^c'' 
gqfPja)<jfin«ifioWd complex,'(iMcrtilvrined' Atith^Jr'lxttel ’lildeild,’' 
a been advanced 'and dcWlop^jdj'iS’tlWdi'' 

iii,^ iftoguagt) lapdt those lelemjidnts ih !iriathctnati<*al' tS'idiight' thkf 
ar£j|a||f^ca|lpdlgraiwaiTi)an.dl8yntaxii<Dlf'ithte' latjiguage'kre scpartlled and'dcs-" 
‘^’^ffiw\K->iiW^®<A^iiPW}}ap?')aiidei«!el<jjpincntithat could'be'expected, from' tHti' 
^°§TOifmf'''3flFfifciWaifi'fl®atil3S/i\t'ithiits*two-'fctld'division' into mathematics' 
^4i^lpffi^WPWdftSii-iIt'isisomedmcs said that'ithe tfvolution’of Science ife' 
,-iiifilthis .isi.icoiirect^ this intimate Synthesis between 
is<a paost gratifying result of mpdern 
^^udy.arid tiaboiFation' from this country. 
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MINERAL SPRINGS OF INDIA*^ 

(Delivered on January 6, 1948 ) 

I. INTRODUCTION 

1 inuat thank you very much for the great honour you have ahown me 
in electing me your President at this Session. And I must also thank the 
members, particularly those residing in that part of the world which is now 
known as Pakistan, who, either by contributing papers or otherwise, are 
actively participating in our deliberations. Geological and geographical 
investigations would be all the poorer if the workers in the two man-made 
sub-divisions of this sub-continent were to carry out their work in complete 
isolation after having maintained a comprehensive and regional outlook on 
the relevant problems all along. 

I did not realise how light-heartedly I had accepted your offer, until 
it dawned on me that an address of some kind is expected of the President 
on this occasion. As I looked through the contributions of your past Presi¬ 
dents from year to year, I was at a loss to select a subject suitable for this 
occasion and it has not been without a certain amount of misgiving 
that I have' chosen the ‘Mineral Springs of India’ as the theme of my address. 
I make no apology for the subject itself, but for my own imperfect knowledge 
I crave your indiilgence. 

Mineral springs have a special appeal to the field-sciences of geology and 
geography, no loss than to the medical sciences in their relation to the publi© 
health. Balnoo-therapy is a fairly widely established practice and popular 
in many of the advanced countries of the world to-day. 

The discoverer of the spring is perhaps the local shepherd or tho 
woodsman. In his wake comes the thirsty traveller who quenches his thirst 
or warms his cold and tired limbs in the water and feels aU the better for it. 
If there be any virtue in the water, the word goes round and hallowed by 
faith and tradition in course of time, the place becomes one of pilgrimage 
for people sick in body and probably also in mind. The geologist, the geo¬ 
grapher and the medical man make a scientific survey which the alert com¬ 
mercial mind is quick to make use of in turning the suitable springs into spas. 
People of means in order to recoup their health and also for a break in their 
usual routine of life resort to such establishments. Noi only do they drink 
and bathe in the water, but their treatment is enlivened by many social 
interludes in a care-free atmosphere. At the end of the course of treatment, 
they return to pick up the threads of their old life with a vigour of mind and 
body which does credit to the spa-treatment. 

The water may also be bottled and sold in the farthest corner of the earth 
with prescriptions for its intake. A class of people firmly believe in the 
efficacy of the water, but whether it is the care-free life at the spa, or the 
label on the bottle, or the intrinsic qualities of the water, which are largely 
responsible for the cure or at least a temporary relief of the ailments, is to 
be decided by the medical man and the psychologist between them. The tai* 

♦Published by the pemussion of the Bireetor, Geotogieal jBUevey of India* : 
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of the geologist and the geographer comes to an end as soon as they have 
drawn the attention of the pubJic to certain aspects of the springs, viz.^ their 
location, and as much as possible to their physical and chemical characters. 

In many advanced countries, such information as the field—and the 
medical sciences yielded has been utilised in the establiKshment of large indus¬ 
tries. Surprisingly enough, India’s eiforts so far to commercialise these natur¬ 
al resources have been sproadic and negligible. It is a fact that from time 
immemorial the inhabitants of this country have beeti awarc^ although in 
an empirical way, of the virtues of mineral springs, and even such as occur 
in inaccessible places are generally jilacos of pilgrimage or the sites of annual 
.fairs, the water being resorted to for baths and drinks. It is, therefore, 
not surprising to discover that several sacred places of pilgrimage in India, 
such as Badrinath in the Ganges drainage area in tlic Garhwal Himalayas 
and Jumnotri in the Jumna basin in the adjacent area of Tehii, Sitakund 
and Raj gir springs in Bihar, Bakreswai* in the Birhhum District, West Bengal 
etc., are at the sites of well-known hot springs. Several of thc^so springs are 
looked upon as offering a cure for specific tyi)cs of diseases, e.g.^ skin-disease, 
rheumatism, goitre and even leprosy. I have no knowledge by what 
process of investigation the ancients wore able to establish the properties 
ascribed to the springs in question, nor am 1 in a ])osition to say that the 
claims will bear examination and confirmation by the modern tnedi(ud 
sciences* 

The reason for the lagging behind of commercial (uibcrpriso is not far 
to seek. The fact that most of the important si)rings are (‘ithcr privately 
owned or their ownership is vested in religious bod it's, to havi’i rega r¬ 
ded their commercialisation. 

Since the publication of the papers of Nc^wbold*®, Mac])h(U*son^ 

Sclagintweit^^dealing either with cataloguing or (k^sculbing tlu^ medical pro¬ 
perties of the springs known to them at the tinu^ tln^ Geological Survey of 
India from quite early in its history has continiual to intc^n^st itself in tlu> 
subjects Its first Director then designated Superint(uulont), T. Oklham,— 
—^recognising the importance of the subject prej)arod his exhausive c.fitalogue 
of over 300 hot springs in India^^, which was edited by his son D.Oldham 
and published in the Memoirs^^ of that Department. Since tlum detailed 
descriptions have appeared, which lie scattered tlirongh differtuit periodi¬ 
cals, of several thermal springs of India. T. D. La Toudie, in 1918, brought 
the list, especially of those springs which are reputed to i)os ^esB some medi¬ 
cinal qualities or are charged with mineral matter, up-to-date . LaToucho's 
work^ forms the basis of all later work in that line. In this ootuieotion 
mention should be made of the article ‘Mineral Waters of India^ by Dr. K. 
S. Ray^® published in the Journal of the Indian M(*di(jal Association, Oaknitta 
in 1932. 

The analytical data on the chemical com])osition of c(^rtain springs are 
now available in some of the public health laboi^atorios. 

The estimation of the radio-active properties of some of the mineral 
springs of Bombay-Sind-Baluchistan by Fathers Sierp and Steichen 

X’avto College, Bombay, of the Rajgir springs, by Professor 
X, a Nag® of the Bose Institute and Mr. N. K. Chatterjeo^ of the Bengal 
Public Health Department are notable contributions in the field of 
investigation of mineral springs of India. 

Lastly^ it must not be forgotten that wc arc heavily indebted to the ex¬ 
cellent wprk of the Survey of India whose officers faithfully mark tjh© -i^ites 
of natural springs on the topographical maps published by them from time 
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to time. All the known springs of India have been indicated on these maps 
which are indispensable in the held investigation of the geological features 
of the springs. 

WORK OF THE GEOLOGICAL SURVEY OF INDIA, 193941 

Quite early in the century, Sir Thomas Holland® pointed out that although 
India is endowed with largo minibers of thermal and medicinal springs, no 
attempt had bc‘cu made to turn these resources into account. I have showed 
earliiu* the (‘fforts of tlu^ (Jcologioal Survey and others to draw the attention 
of the public to th(' (existence of such springs; matters however remained 
whore th(\y were until 1039, when Sir Cyril S. Fox, the then Director, Geological 
Survey of India, and one to whom India owes so much for making known 
the practical aspects of geology, took tlie initiative and proposed an inves¬ 
tigation of the mineral springs of India. The investigations were to be syste¬ 
matic and to cover all aspects, viz., the geological, chemical, and even 
commercial. It was also planned that there should be the closest collaboration 
with the Indian M(^dical Service regarding the investigation of the thera- 
poxdic i)roperties of the waters. As however the. requirements of the war 
which soon broke out precluded the pursuit of an elaborate scheme, the 
invesligations wore confined mainly to the field radioactive and chemical 
studies of tlu^ springs by a few officers of the Geological Survey of India, 
who wore however gcuierously holf)cd in the analytical work by the King 
Institute, Guiudy, Madras, Public Health Laboratories, Poona, and the 
All-India Institute of Hygiene, Calcutta, under the direction of the Direotor- 
Gonoral, Indian Medical Service. I need hardly say that without such help 
v(^ry little knowledge would have accrued regarding the composition of the 
wat(^rs. Ah the demands of the war gr*ew more pressing, even the field inves¬ 
tigation of the GcHilogical Survey had to be stopped to enable this department 
to defl(K‘t the activities of all available officers to the pursuit of investigations 
connected with its war effort. I will now tell you briefly the results of the 
work of my colleagues on the Survey, Messrs. B. C. Gupta, P. K. Chatterjee 
and P. C, Roy with whom I was associated. In this connection I must also 
acknowledge with decip gratitude the benefit I derived from the many pro¬ 
fitable discussions I have had with Sir Ramnath Chopra, our General President, 
whose advice I sought on many occasions and who was keenly* interested 
in the subject. The field-work was carried out only during 2 field seasons, 
1939-40 and 1940-1941 after which the investigations came to an end. In 
the course of this period, most of the important springs of Bihar and Bombay, 
and some of those in the United Provinces, the Central Provinces, the Punjab 
and Bengal wore examined and in all 112 springs were reported upon. ; 


11. SCOPE OF THE INVESTIGATIONS. 

During the field investigations, the geology of the area where springs 
occur was investigated, the flow of the springs and their temperature measured, 
also their radon content determined. Other gases, such as COg and HgS 
which are easy to detect, when present, were also collected and tested. The 
PH value of the waters was also determined on the spotw Samples of the 
water were collected for chemical analysis, and the final determination of 
radon and of radium salts, if any, in the laboratory. The residue obtained 
sfber t^e evaporation of samples of water were occasionally subject tp sp^o^ 
troflgcipic analysis which detected minute quantities of rare 
W^ptieoted in chemical analysis. A note was also taken of Such therapen^ 



224 Prec. 35fh Ind. Cong^ : Part IT : Prmdmfial Addresses 

reputation as the waters locally enjoy(‘d. Finally sainplr'S of water wore 
bacteriologically examined and the suitable ont'S l)ottled an<l sent out bn 
trial tests to people in all walks of life to ascertain if they had any effect bn 
health. 


1. GEOLOGICAL ASPECTS. 

(a) Geological mode of occurrence : Certain geologic^al coTKlitions a,re’s 
deduced from the way springs are distributed. Thus when a group of springs 
occur more or less along a line they arc taken to indicate a line of fault or 
dislocation along which waters from deeper regions enu^rge at the surface. 
In the case of a limestone region or jointed rocks, s])nngs may issue along 
such fault-planes when present, but more often they do not, and issue inst ead, 
along solution channels in limestone or orifices placed along the joint-planes, 
the springs being irregularly distributed on the Rurfa.ee in such cases. Springs 
lining up valleys are taken to indicate the local ground-water level. In 
the case of thermal springs, the source of thc^ water is deeper-seated than 
that of cold springs. 

(b) Distribution of Mineral Springs : lliore arc', four main broad bolts 
in which the majority of the mineral springs of India oocun*, e.g,, ( 1 ) Bihar— 
(i) in a belt more or leas parallel to the coalfield boundaries, (ii) in Kajgir 
area and (iii) in Monghyr area ; ( 2 ) alorig tlu^ Wc'st Coast of India, in th(>- 
Ratnagiri, Thana, Kolaba and Surat Districts ; (3) Sind-Baluchistan area ; 
and (4) the Himalayan belt, (vide Mfip), 

There are besides other areas wlu're a small Tnunbc'r of springs o(‘our 
following the general tectonic trends, wfc., in the Mahanadi Valley in Orissa, 
in the Chittagong District in East Bengal. Bi'sidc's th(‘S(^, s))rings occur in 
Assam, at Bakreswar near Suri, Birbhum district, and in Darjeeling district, 
West Bengal and in Sikkim and in parts of South India. Except the 
Bakreswar springs of Bengal, the other springs mentioned in this paragraph 
and those under (3) and (4) in the foregoing f)aragraph could not bo visited 
during the time at our disposal. 

A brief account of the geological and other features of the more important 
groups of springs visited are given below. 

general consideration of the broader features, it is assumed 
that the sprmgs of the western part of the peninsula are related to 
tne meridional dislocations of the trap country as are known to have affected 

^^^sula in the Teitiary era, the Bihar ones are related to the East 
and West post-Gondwana faults, the Himalayan ones are probably related 
to the local thrust-planes and faults. In coarse-of the fiolddnvostigations 
evidence was noted generally of the existoneoof zones of crushing and brecj- 
ciation at the sites of the springs, especially the hot springs, although such 
evidence was by no means universal. 


BIHAR SPRINGS : 

o . and Palamatt Districts: The hot sulpbi 

springs (Warmbrunn and Lundwigsouelle type) at charak (24® F * 9 ' 

(Swr ■ • ''I and LV 

■ TV-X . ^ ™ Manbhum District, and jarom (23° 50’ : 84' 

1 man District, and the alkaline waters represented by the 

(23° 44’: 85° 23’) in tlio Hazaribagh X 
^re situated in the Archaean te rrain in zones more or less parallel ani 
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to the bouiKlary of the Gotidwanas, and are related to post-Gondwana foiilting. 
The Archacans are composed of pegmatite, quartzite, amphibolite, a])litie 
and granitic gneisses. 

The Aix-Lcs-Bains tyj)e of hot sulphur springs of subjakxjnd (24*^ 
9^ : 85° 38’) and nUABi (24° 8’: 85° O') in the Hazaribagh District are situated 
also in the Archacans, composed of pegmatite, aplitic granite and quartzite. 
TIk'i zoncis in which the spi'ings occur are heavily silioified. 

Two cold springs, %nz. tatalsub (24° 10’: 85° 37’) on the Grand Trunk 
Road near Barkatta Dak Bunglow, and the spring at the summit of the 
PABASHNATK HILL, both in the Hazaribagh Distiiet are also situated 
in tlie Archaean gneisses. Their flow fluctuates in difFereiit times of the 
season, th(' water being derived from the surface or near surface sources. 
The water nvsembles the Upper Bavarian Wildbad-Traunstcin type of water 
in mineral composition. 

Monghyb Distbict : The “ Simple ” or '' Indifferent ” thermal 
.• waters of Monghyr district, so called on account of their very low mineral 
content, occur in a lino extending over a distance of 30 miles or more along 
the strike of the Kharagpur hills in what appears to be a zone of faulting 
in the Archaean quartzite, with a porphyritic granite occuring at the base of 
the quartzite. The sjirings, except for phillipskund and sitakhni) 
at the nortliern extremity of this zone, are confined to the Kharagpur hills. 
B(‘ginning with sitakunh and phjliapskuni) in the north, the zone 
in whi(di the springs occur take a southerly direction to the Risur, 
bamwswau, laohmiswar and bhowbah kunds and then turn 
to the fciouth-West to the springs at bhimbanh (25°4* : 8G°24’) apd 
BHABabj (25°7’ ; 8 G°21’) 

Amorphous siliceous inatcrial is dciiosiied by many of the s])rings. The 
copious waters of Bhimband collects into a steaming rivulet filling tlio valley 
in a cloud of rolling vapour. 

Patoa and Gaya Distreots : The Simple or Indifferent thermal 
springs of the Rajgir group occurring in Patna and Gaya districts, emerge 
out of Archaean quartzites as in the case of the Monghyr springs. They 
ocemr in three distinct series, viz,, (1) The rajgir springs in Patna 
. District, (2) the tapoban springs, and (3) the agnikund spRiNefs 
of Gaya District. 

THE BAJGIR SPRINGS (25° 1' : 85° 25') ; altitude : 200 feet. There 
arc more than a dozen thermal springs on either side of the Botarni river, 
along the foot of the Baibhargiri and the Bi])ulagiri—at a distance of about 
a mile from Rajgir Kund Station, the southern terminus of the Bakhtiyarjiur 
—Bihar Light Railway. The sjming site can also be reached by motor from 
Patna through the sub-divisional town Bihar Sharif about 14 miles to the 
north-east. 

The springs issue through fissures in the Archaean quartzites. Evidences 
of local disturbance resulting in fracture and brecciation are frequently met 
with in the quartzitic formation. The thermal springs have followed the 
deep fracture planes thus caused. 

THE TAPOBAN SPRINGS (24° 55' : 85° 19') ; altitude : 300 feet. 

These are situated about 12 miles to the W.S.W. of Rajgir, in Gaya District. 

There are four springs in an E.—^W. line along the foot of the highly 
''^^ted quartzite hill. The westernmost of these is' called sanat ,* the 
‘ '"he east is sanatan, the third sanatnandan and the eastern* 

^ SANATKXJMAR, alternatively, brahmakund. 
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THE AGNiKUND SPRINGS (25*^ 0' : 85° 30’), altituclo : 200 
The spring site is situated about 8 miles to the E.S.E, of Kajgir at the foot 
of the quartzite ridge. 

Besides the main spring, aonikuhjd, tliere are several minor s])rings 
along the foot of the quartzite ridge. The e.ombinecl flow of these is (copious. 

BOMBAY. 

The enormous expanse of country in Wosicirn Indiai, eovc^rt'.d by the 
vast basaltic shield of the Deccan 7Vap la.va flows, is singularly (h^void of 
mineral springs but for the series running north and south along th<^. coastline 
between the sea and tlie Westcj'n Ghats. At its northern extremity tho 
series has the famous DEOKi unax group in Bansda State and at its southern 
end occur the bajapur springs in Ratnagiri District. 

Beginning with the vajreshwari siu^rNCiS of Thana District, the 
southern portion of this scries sxretching over Thana, Kola-ba a.nd J^atnagiri 
Districts, has been examined. Excepting the bajalujr (unhaua) spring 
of Warmbad (Saxony) ty])c (alkaline), tho others an^ chloride- or saline 
waters, the more heavily minoralis(‘d ones resembling tho Leamington and 
Marienquelle ty])es of wat(U’. 

Thana Dtstbiot—A t tlu^ nortli-wcsstorn frontier of tlu^ Bhiwaridi 
fahiha^ the course of the Ta.nsn, rivcu* Is marlaul, for a. dislia.ntv. of ahouf thr(^(^ 
miles, by tho presenc(‘ of a numlxu.* of miiKU’al springs. Th(^S(^ occur (vither 
in the bed of the riv(‘r or close to its banks an<l a.ro (U)ll<Hd>iv(dy known as the 
vajreshwabi spbjn(}s (10° 20', 10" 30': 73° I', 73° 2')* 

Kolaba District—T hixse- groiqis of springs occur in this diHtri(^t, 
UNHERA SPRINGS (18° 33' : 73° 13') ; sov springs (18° 5': 73° 23') ; and 
vadavali SPRINGS (18° 4' : 73° 27'). 

Ratnagiri District—S even groups of springs occur in this (listri<*.t, 
viz., KHED SPRINGS (17° 43' : 73° 24') ; unhara smuNas (17° 37': 73° 10'); 
ARVALi sptiiNGS (17° 10': 73° 31') ; tural springs (17° 17': 73 32'); 
RAJWADi SPRINGS (17° 15': 73° 34') ; sangameswar (piiansavna) springs 
( 17° 12’ : 73° 35’) ; and rajapur (itnhala) sxuung (16° 39': 73° 32'). 

CENTRAL PROVINCES. 

CnmNDWARA District—ANHONI (borra): (22° 35' : 78" 36'). The 
spring is situated on the Deccan Trap formation about eight miles from 
Matkuli along the Chhindwara—^Matkuli Road. Matkuli is again on 
the Piparia-Pachmarhi road being about 13 miles from Piparia Railway 
Station on the G. I. P. Railway, 

Hoshangabab District—anhoni (chhota) : (22° 37’ : 78° 21’). 
The hot spring is situated on the Deccan Trap formation close to Anhoni 
village in Sohagpur tahsil about 9 miles to the south of Piparia Railway 
Station on G. I. P. Railway. 

These two thermal springs occurring in tho tra{> country arc low in mineral 
content, the first one resembling the indifferent water of 'rrinkquclle—Wild bad 
type and the second which is a bicarbonate typo rc^sembles Vichy water diluted 
10-times. There is HejS in addition. 
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PUNJAB. 

Gurgaon District— sohka hot spring, altitude 650 feet. 

It is Rituat(‘d iu village 8ohna, nearly 34 miles from Delhi where quartzites 
of the Delhi series [dunge into the alluvial planes. 

The hot spring (temperature 44''0^111,2''F) issuing tlirough quartzite 
islargely resorted to for bathing aiul drinking. The spring has been partly 
comm(U‘eialised, the rights of the private baths being au(‘,tioned annually. 

The water has the reputation of curing skin diseases of various kinds. 
Kpectroseopic examination has revealed the presence of numerous rare 
elements in th(^ water. Although the spring is enclosed in a masonry struc¬ 
ture, chances ot pollution have not been entirely eliminated. Tlie water, 
like that of ANHONl (CJHOl'TA), C.P., is also bicarbonate tyj)e, resembling 
mild Vichy Type of water. 


UNITED PROVINCES. 

The United Provinces springs are cold s])rings. 

Banaras Dxstrxot, in and around Banaeas City (25° 19' : 83° O') 

BRiDiiKAL AND OAtBi \VRLLS (oold) —Thcse are two well-known, 
wells. 

BRiDHKAL WKLU, the wator of which resembles the alkaline water 
of Apollina-ris type^, is in the Banaras City itself and is resorted to for 
washing and drinking purposes. 

(}aibi WRLt^ is in the outskirts of the Banaras City. It is also used 
for drinking and washing ijurimses, tlui water resembling the alkaline water 
of Wiesonbrunmms, Bad Salzburg. 

Both the wells have a reputation for inducing appetite and having 
slight aperient properties. 

The wells are situated iu the Indo-Gangctic alluvium. 

Dbhba Dun District—mussoorie (30° 27' : 78° 4') and landour 
(30° 28' : 78° 6'). 

A group of cold springs occurring in this area have been investigated. 
Of these, the mossy fall spring has been analysed, the wator showing 
a resemblance to the Evian Wator Type, an indifferent or simple water. 

The area consists mostly of limestone or limestone and shale belonging 
to the Krol system. 

The springs are cold and have a reputation for removing acidity and 
inducing appetite. The springs are situated in an environment of great 
natural beauty and are fairly easily accessible. 

Rajpub —sahasba dhara (sansadhara) cold sulphur spring 
(30° 23': 78° 7’). 

The spring is situated about seven miles to the N.N.E. of Dehra Dun, 
and about 2J miles to the E-S.E. of Rajpur,m the Dehra Dun District, in 
one of the most magnificent Himalayan gorges. The nearest railway station 
is Dehra Dun, The spring may be reached from Raj pur which is situated 
seven miles to the north of Dehra Dun on the fine Dehra Dun— Mussoorie 
motoring road. A footpath leads from Rajpir to the spring site, a distance 
of 2^ miles. 
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The spring issues through liniestoiio in the gorge of the upper reaches 
of the Baldi Nadi. It is much resorted to for bathing and drinking and 
is said to have many curative properties. The wattsr is not [)rot(icte(l from 
any chances of pollution. The water is clear and smells of The water 

■ resembles that of riukquelle, Bad Nenndorf. 

The characters of the springs referred to abovc^ are summarised in the 
two tables 1 and 2 (vide appendix). 

(c) Influence of the environment on the e-haracter of the wate*’ : The 
character of the geological environrmuit is refhuj^tcMl in tlu', mineral 
composition of the water, the spring varying in (composition acicorditig 
to the nature of the country rook tlirough whic.h tim wat(u* (una- 
nates. As a general ruk, the waters emanating from tli<^ Arehaemi t»(u*rn.in, 
are fairly highl}^ radio-cnianativc and of low mineral (‘,ont(Mit, thos (5 enuM’ging 
in the basltic plateau, low in radium-emanation, and higli in alkaline (uu-ths 
'‘Ca and Mg” and the sulphate and chloride ra(li(ials. On tlu^ otlnu* hand, 
springe emanating from limestone are high in calcium (Oa”) arul th<». biesap- 
bonate (HCO 3 ), carbonate (CO 3 ) and also contain varying amounts of the 
sulphate (SO4) radicals. 

(d) Temperature of the water : Borne of the waters omerg(^ ({old, 
others are lukewarm, while still others attain a ti^mperatun^ of tn^arly 
the boiling point of watt^r. The highest temperature rm^asnred so far is that 
of the Surajkund in the Hazaribagh District which recsords a t(unp('iraturo of 
87^0. It is interesting to note that practmaJly this tcmiperature is also 
corded by La Touche'^ indicating a constantly of ttuutxu’ature of wat(u*s 
of the spring. During the two y(^ats of the invesUgatiorj W({ hav<^ had oppor¬ 
tunities of measuring the temperature of some of the hot springs sc^vtu’al 
times in the year, in the winter, in tlie summer and during tin*! ru.ins. 
temperature recorded is pracjtically constant for* eac-h spring. 

It is commonly reported that the cold springs are warm u* in the winter 
and colder in the summer. To the ignorant villag({ folk this is miramilouH 
and connected with something borderitig on th({ suixuaiatural. T'he t<uu- 
perature of such springs has b(^cn measured atid wheK th({ flow is fairly larg(% 
is also found to be practically constant. The explanation of t’ui so-cdlod 
supernatural phenomena lies in the fact that within a short distancH^ of tlu^ 
surface of the earth, the ground water reservoir form wnich the water-supply 
is drawn, remains unaffected by the temperature variation at the surfacHU 
of the earth. It therefore appears relatively loss cold to tlie touch comparcjd 
with the lower surface temperature in the winter, but inoro cold comp irc(l 
with the higher surface temperature in the summe^r. Tin'. t(unp(u*atur('s of 
the waters of seepages and insignificant springs which obviously roc(uv(^ 
their supply from superficial sources generally vari({s with, tb(^ surfiuM^ tem¬ 
perature. 

(e) Flow : The flow of the water has been mt^asinxMl. Invariably it is 
larger in the rains and early winter than in the summer, the variation'being 
particularly noticeable in the case of the cold springs. In the case of the hot 
springs on the other hand a variation in the flow is not marked. But until 
the flow has been measured regularly through different seasons and oven 
months of the year and the observations can*ied out over a number of yciars, 
a pronouncement cannot be made at this stage that the rate of flow does or 
does not fluctuate. 

(f) Sources of the water : As stated already, thc^ (jold springs are of 
siiperflcial origin, the ground water providing the source of supply. Bomb 
of the springs of this group which were bacteriologically oxarniuod proved 
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to be oontarairiatod; |>rosunia.bly due to admixture with water of near- 
surface origin. 

In the case of the hot springs however, several alternative hypotheses 
regarding their origin present themselves. The position has been "discussed 
later. It will suffice to state here that further data are required for arriving 
at a delinitc conclusion on the matter. 

2 . RADIOAOTTVITY OF THE SPRINGS. 

Much stress has been laid lately on the influence of radio-activity on 
health. It is said that water of such low mineral concentration as that of 
Gastein, Bath etc,, owe thoir curative properties to radio-activity. The 
radioactivity of the waters is due to the presence of radon in solution, the 
radon being derived from the disintegration of the thorium and uranium 
bearing minerals present in the rocks through which the waters circulate. 
Most springs and even some well-water contain traces of radon, but very 
few contain radium salts in solution. Radon or radium-emanation is a 
a chemically inert and highly soluble g as produced by the spontaneous decay 
of radium atoms. It is highly unstable and intensely active. So rapidly 
does it give up energy and liberate helium that its original activity 
decreases by half every four days, and is practically negligible at the end of 
a month. 

Temporary RADto-AoTiviTY —Spring waters, except those which 
are permanently radio-a(jtive (due to the presence in them of dissolved 
radium salts) lose tluur natural radio-activity when bottled for any length 
of time and at th(‘ (uul of a month the radon disappears for all practical pur- 
pOH<>tB. Such waitu's ar(^ called ra<lio-emanative. 

Pbbmanewt RAOio-AoTivrTY —Permanently radio-active waters seem 
on the other hand to be vory rare. In such waters radon is being cons¬ 
tantly generated by the disintegration of the radium salts present in solu¬ 
tion. The Indian springs investigated so far are radio-emanative, and are 
not permanently radio-active. Some springs in Bombay have been recorded 
as being permanently radio-active by Fathers Sierp and Steichen^®. 

PharmacoxjOGY —^Medical authorities are the best judges of the 
pharmacological action of radio-acitive waters. Judging by reports, it 
appears that generally speaking, radium emanation whether inhaled or 
taken in solution in mineral water is supposed to be a powerful stimulant 
of metabolism and as such it may be recommended for rheumatism of all 
forms, anaemia, weakness and gouty conditions, and probably also for skin 
conditions. 

In order to ascertain the possible therapeutic values of the Indian 
waters, their radio-activity was determined by the “emanation method'’ 
in the field as well as in the laboratories of the Geological Survey of 
India. The radon values of some of the important Indian springs together 
with those of well-known European waters of comparable strength are 
furnished in table 2 (vide appendix). 

3. CLASSIFICATION OF MINERAL WATERS. 

Table Waters. 

1 Between the so-called ‘mineral waters’ and waters of ordinary character, 
no sharp line of demarcation can be drawn. In fact, some of the springs 
having the greatest commercial importance yield waters with an average 
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mineral content of 500 parts to as low as 20 parts per iHillion against that of 
about 100 parts per million in most large ])ublic supplies'^. Such waters, 
because of their remarkable purity, are usually known as the Indifferent or 
Simple Waters. From the compositional point of view they arc Hiniply 
potable waters carrying a minimum of foreign matter in solution. 

When free from any disagreeable taste, siuih waters arc used as table 
and also for baths and are recommended for gout, rheumatism, (certain foniis 
of anaemia, digestive disorders and other internal (complaints. ^riuu‘e anc 
several well-known foreign waters of this tyfxc, e,g,, Kvian, Buxt.on, Scchlan- 
genbad, Wildbad, Warmbad, Warmbrunn, Sinnbergerqucilhc, Ludwigs(pjel](s 
Gastein, etc. Judging by the available aualys(\s, forc^ign wattu*s of this type 
have variable amounts, of strong acid radicals : (Jhlori l(c(OI), Sulphate (1SO4) 
and of weak acid radicals, carbonate (OOjj) or Bi-tcarhonate (IKK).,) or botli 
and silicic acid (HSi 03 ). These radicals occur in diflvrvnl proportions, some¬ 
times one being more dominant than the others. Similarly, among the basic 
radicals, the alkalis and the alkaline earths show variable f)roportions. 
Waters characterised by Alkalinity, chiefly Primary, and Primary Salinity 
$eem on the whole to be preferred to those showing high Stcccondary Salijiity. 
Although it is difficult to find exact#foreign equivalents of all the Indian 
^ndefferentj or simple waters on the basis of (comparison c)f the pro[>ortions 
of the individual radicals alone, quite a eonsiderahl(c similarity is detected 
when the comparison is based on the salinity and alkalinity data (cahculated 
on the basis of Chase Palmer’s elassificcatio'n*^. 

The majority of the Indian waters of this typcc tIuu'maJ, although 
a few cold springs also exist* Duo to tlu*. pn‘S(‘n(c(c of (lisH()lv(*(l (uirboji di¬ 
oxide, they are aften slightly acid in ncjuction. From the a(cid tyiMcs, tlu^y 
range into the neutral and alkaline typt^s and form a largic group. 

MisnioiNAL Watous, 

Many mineral waters coiitain enough solubh^^ salts to givtc ttunn a taste 
and such of them as have any therapeutical prop(crties are rt^gardod as 
medicinal waters. The chief active ingredients of th(vs(i watcu's are the 
sulphates of magnesium and sodium, bicarbonatc‘S and chlorides of alkalis 
and alkaline earths. A few waters contain mod(‘rato qtiantitios of some 
unusual constituents like iodide or bromide but all these waters are so con¬ 
centrated in mineral matter that they cannot be takett in large quantities*' 

No hard and fast line can, however, be drawn b(',tween the medicinal 
and table waters as some of the former may have a lower content of mineral 
matter than 500 parts per million. Again some of tlu^ table wat)(u-s, on ooii- 
tinued use, may prove efficacious in (H'rtain ailments and may tlierefore 
be classed with medicinal waters. 

A large number of springs showing a composition c‘-f)mi)arable to 
foreign medicinal spring water also occur In India as statt^d in th(^ following 
; section. 

4. CHEMICAL ANALYSIS OF INDIAN MINERAL 
SPRING WATERS. 

COMPAEISON WITH FoEEiGN TVPES. 

As chemical properties impart a medicinal value to many s[)ring waters, 
the Indian waters have also been examined from that poiiit <)f ' viovi^, iuul 
.they may be used in the same way as the foreign types with whi(jh' th<jir 
composition bears a similarity. ' ■ • 
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The analyses are represented in the standard form, viz.^ in terms of parts 
per million of th(i basic and aedd radicals. The analytical data of the King 
Institute, Guindy and Mr. P. C. Roy of the Geological Survey of India, 
were available in this form except for some minor constituents expressed 
as oxides which havc^ boon rec^alculated as acidic or basic radicals as the case 
may be*. The .data of the Public Health Laboratory, Poona, Bombay, were 
expressed in the form of saltvS wliich have been recalculated in terms of bases 
and acids as n^quin^d in the International Standard of Measurements. 

Regarding the data used in comparison it should be understood that 
it is difficult, if not impossible, to find two or more waters containing exactly 
the same (^onstitinuits wljich also occur in the same proportions. I have 
therefore aimi^d at sliowing th6 general similarity in chemical character, 
degree of mineralisation and the relative proportion of the various 
constituents. 

In order to have an approximate idea of the amount of latitude that 
may be allowed in these comparisons, the corresponding figures of some 
of the American waters that are regarded as equivalents of the European 
ones may be helpful and are included in the tables wherever possible. 

The Indian Waters fall into four main groups as indicated in the 
following (‘lassifiod list of representative spring waters the analyses of which 
are also furnished below. 

(J) Simple or IndiScrcnt waters of low mineral content, the total 
mineral (jontcuit seldom exc(^eding 500 parts per million, and often as low 
as 40 parts per million. They are both cold and thermal. 

Cold Hjmujsioh. 

(a) Wildbad (Uppeu’ Bavaria)—^Traunstoin Type— patalsue 

and PARASHNATH (Hazaribagh District), kalbam (Santhal 
.Perganas District), Bihar. 

(b) Eviaii Type— mossy pall, Mussoorie, Dehra Dun District, 
United Provinces. 

Thermal Sprinqs. 

(c) Acid Type— brahmmakunb, the mineral composition of 
which is typical of many of the Rajgir group of springs, Bihar. 

Thei*c are in addition neutral and slightly alkaline types of indifferent 
or simple water in India. 

(2) Alkaline waters characterised by dominant soda and bicarbonate 
radicals. They arc also both cold and thermal. 

Cold SiuiiNGS. 

(a) Appollinaris type—BRXDHKHAL well, Banaras, U.P. 

(b) Wiesenbrunnens (Bad Salzburg) Type— gaibi well, Banaras, 
U.P. 

Thermal Springs. 

(c) Mild Vichy Type (but with varying amounts of Hg S)— kawa 
GANDHWANX, Hazaribagh District, Bihar, ohotta anhoni, 
similar to HoKshangabad District, C,P., sohna, Gurgaon 
District, Punjab. 
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(3) Sulphur waters, charactcrisod by the presence of 11 and often 
the sulphide (S) and sulphate radicals. Both cold and thermal types have 
been recorded. 

Cold Spbinqs. 

(a) TBmKQUffiLLB (Bad Nonndorf) typk—saiiasraihura (Sansa- 
dhara) Dehra Dun District IT.P. 

Thebmal Springs. 

(b) Aix-les-Bains Type— duari and sitba.ikitnI), Hazaribagh 
District, Bihar. 

(4) Chloride or saline water. The springs are thermal. 

Marienquelle and Leamington Types— uniihra (Kolaba District), 
UNHABA (Ratnagiri District), subajkund, chandbakund, laohmankund 
(VAJBBSHWAEI SPRINGS, Thana District), Bombay Presidency. 

The analytical data, compared with foreign types where possible are 
supplied in the following pages. 



INDIFFERENT OR SIMPLE WATERS (COLD)—WILDBAD (UPPER BAVARIA) 
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Those are all cold springs, with nearly equal proportious of alkalis to 
bases, subordinate chloride and a little sulphate in addition., The Inglun* 
value for radon in patalsuk is noticeable. Tlie flow is however liabh^ 
to fluctuation, being considerably higher; afku* the rains in September, 
than in the spring. The water -was bactoriologically tc^sled and fouinl 
contaminated. It is evident, this spring rcccivcH a largo part of its flow from 
surface or near-surface sources. 

PABASHNATH and KALDAM are smaller springs, and the water is kxuilly 
used for baths and drink. 

The composition of these three waters is similar to that of tluv uppew 
Bavarian Wildbad Spring, Traunstein. the water of whie.h is ustul l)oi,h for 
baths and drink and is recommended for gout, rhouruatism, scorfula, 
catarrah. of the lungs, nerve disorders, etc. 


INDIFFERENT OF SIMPLE WATERS (COLD SPRING) 
Evian Wamb'Type,' : 

Iifidian Water Europeart W ater 

MOSSY FALL (Larger Spring) nviAK, Francu^ 

Mussoorie, Dehradun District, U.P. 

Teinp : 170®G ; Flows^^SOO gallons per hour. 


Na' ■ ■. • 

• • ' • 


(5.00 

K ■ ' ■' 


Tr. • 

2 .;K) 

Mg 

• ■ 

12.2 

23.70 

Ca 


60.6 

78.40 

Fe 

. • 

• • 


. 

. . 

2.0 

0.20 

CL 

• . 

6.0 

1.80 

SO 4 . .. 

... 

156.6 

8.60 

■ CO3". ■■ ... ■■ 


« • 


HCOg 

. . 

177.6 

, '■ 366.80 

HSiOg 


12.06 

18.22 

Total Ions 

. . 

428.86 

406.82 


Eviaii water is a well-known table water, and is bonofioial in correcting 
metabolic disorder. 

addition to a higli carbonate and bic.arbonato 
^ntent like the Evian type shows a fairly high amount of sulphate. The 
water-supply of a local school is dr,awn from this spring. 
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INDIFFERENT^ WATERS (THERMAL)—ACID TYPE 
Rajgir Spring : Patna, Rihar 


Brahmmakitnd 

Texnp : 42.5^0 

Flow : 

Callon/Hour*. • . 8,000 



Parts per million 

Reacting val 

Na 

2.00 

0.087. 

• K 

■ Nil 

■' 

Mg 

Tr. 


Ca 

11.40 

0.570, 

Fe 

Nil 


A1 

Nil 




0.6.57'' 

(CL) 

4.00 

0.114 

(SO,) 

Tr. 

. • 

(HCOs) 

24.00 

0.393 

(HSiOa) 

25.67 

0.150 

Total Ions 

67.07 

0.657 



■' Colloid .• 

PH Value 

5.6 

iffSiOs 

Gases : 

Intermittent bubbles 

0.18 


. of inert gases , 



(?N)- ■ 


Radon 

6-1022 



Percentage of 



•Reacting value 


Aik': 

6 . 6 % 


Earths 

43.4% 


Strong Acids 

8.7% 


Weak Acids 

, 41.3% 



Character of water 


Primary Salinity 

13.3 


Secondary Salinity 

4.2 


Primary Alkalinity 

Nil 


Secondary Alkalinity 

,. 82.6 



♦Class III, Strong Acids higher thto alkalis but less than total bases. 


Tne Kaigir Springs whicn have been known for centoies are pilgr^age 
centres. The waters have a great therapeutic reputauion and are, u^d as baths 
.and .dnnk,-.and...are..said...to. .bo,good for._rto.inaticjco^ gou.., paralysis, 

4i>l'te9-arthritis,;. diabetes,..^dyspepsia and. sjc^n. diw.^^,- - . 

♦Chase’ Palmer’s classification (vide.referenoeil 2 ,)^ 
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2. ALKALINE WATERS (COLD) 

(a) Apolltnaeis Type 



Iridian springs 

European 

American 


Bridhkhal Well, 

Apollinaris 

Maniton Table 


water, 

water, Maniton 


BanaraSe 

Ahrweiler, 

springs. 


XJ.P. 

Germany. 

Colorado. 

Silica (SiOg) 

(In parts per million) 

24 

8 

, 47 

Iron (Fe) 

0‘66 

20 

1 -8 

Aluminium (Al) 

Calcium (Ca) 

0*80 

106 -8 

24 

458 

Magnesium (Mg) 

137 *6 

127 

79 

Sodium (Na) 

313-3 

827 

561 

Potassium (K) 

109-6 

Trace 

71 

Carbonate (COa) 

601 -36 

1061 

1313 

Bicarbonate (HCO|) 
Sulphate (SQ4) 

180 -40 

203 

219 

Chloride (Cl) 

346-5 

282 

260 

Total Iona 

1,820 -01 

tJS5t 

2,080 -8 

Gases: 

HaS 

COa 

Present 

Present 

Present 


Bacteriological 

Examination 

Sterile 



Apollinarie water is used chiefly as aTable water and is very popular, suvoral million 
bottles being sold per year. 


ALKALINE WATER (COLD) 

(b) “WlESHNBKtrNNENS” (BaD SaLZBUEQ) TyPE 



Gaibi Well, 

Wieflonbrunnens 

Na 

Banaras, U.P. 
92.51 

Bad Salzburg. 
127 

K 

14.90 

Ca 

30.01 

85 

Mg 

40.90 

12 

Pe 

0.50 

0 

Al 



Cl 

21 .'00 

18 

SO* 

. 62.90 

55 

COg 

66.90 

HCOg 

SiOg 

426.10 

24.01 

569 


778.73 

872 


ses : 

CO„ H*S 


i^totype is nsed both for drinMing, battling and. iTfound effloaoioiu 
in the treatment of hvet trouble, gallstone, diabetes, etc. emoaoious 
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ALKALINK WAITERS (WARM)-~BICARBONATE TYPE 

Ilcs(‘ml)Un^‘ mild Vichy water in general composition, HgS 
being additional 


iinrAH, J1AZARTBAcni DfSTUTOT. 

KA^VA c}ANi)]i\VANr—^^Fli^erc are several vt‘nt.s ; the water of Vents 
J and 4 liav(^ b('en analysed. 

(dCNTHAL PROVrKCEft, HosnANOABAD DISTRICT. 

(U-IOTTA AmIIO-NI 

Punjab, GIuugaon District 
SOHNA 

In tlie following table, tlic analytical data are given. Attention is drawn 
to the similarity of these watervS with Vichy water diluted 10 times. 


(e) Minn Vichy Type 



Kawa Gandhwani. 

Sohna, Gur 

Chota An- 

Vichy- 


Ha/aribagh Dist. 

gaon Bist. 

honi, Hos- 

Water di¬ 


Spring No. 1— 

-Sp. No. 4 


Punjab. 

bangabad 

luted 10 






C.P. 

times. 

Silica (SiO,) 

5<i 

48.0 


44 

14 

4.6 

Iron (t\») 

Nil 



Nil 

0.7 

Tr. 

Aluiniuiuin (Al) 

ilA 

2.8 


46.7 



Colciuin (Oa) 

Nil 

2.8 


11.4 

16.7 

7 

Mugiu'Kimu (Mg) 

Nil 

7.8 


3.6 


3 

Sodium (Na) 

109 

92.0 


123 

188.9 

97 

Bicarbonate (H('().,) 

188.0 


270 

221.4 

234 

Sulpliato (SOd 

7 

3.0 


11 

Nil. 

11.3 

Chloride (01) 

;i9 

30.0 


199 

59.0 

18.2 

Fluoride (F) 

17 

13.0 


Nil 

Nil 

1.8 

Total ioiiH 

424.4 

393.4 


708.7 

500.7 

376.9 

PH 

7.4 

7.6 


7.3 



Sp. Or. 

) 

1.00036 




B,S 

s Present 

Present 


Present 

Present 


CO, 

3 








1. 



2. 


SpcctroHCopical aritdv.st n indicate 

Calcium 


Iron, 

Manganese, 

strontium, 

tho prt‘scn(*c 

of addilRfiud 

Potash 


I*otassium, Palladium, Copper, 

cloincntH hIhvwu oijpondc. 

Maiiganrso 

Tin, Lithium, Zinc, Lead,Boron, 



Lithium 


Titanium, Molybdenum, Ruthe- 

1. Kawa Gnudliwani. 

Barium 


nium, 

Platinum, Gold, Silver, 

i2. Solma. 


Strontium. 

Bismuth, Osmium,v 

Beryllium, 


Iridium, Barium. 


Bacteriological Examination — Sterile Polluted. 

The table shows the presence of a number of constituents which may¬ 
be of thera])eut-io importance. As already indicated they are both highly 
radio-active wdiieh pr'D^ierty alone should make these waters sufficiently 
important. 

Vitdiy water is used in diseases of the liver, convalescence from 
jaundice, gout, renal lithiasis, oxaluria, chronic rheumatism and gastric 
hyperacidity. 
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3. SULPHUR WATERS 

SULPHUR WATER (OOLD) 

(a) TKTNKQtlHIihK Tvf'R 



Indifoi 

hhtropmn 

A imrican 


SAHASHA DIIAHA 

'ri‘iMk(innlI(% at 

VVliito Sidphi 


(iSauHtidhara) 

Had Nouudorr 

yi)i‘ing, Now 


(J)ohm 3,)ini Dt.) 

((Inrtiimiy) 

York. 

Temp. 

(7:i.4‘’K) 
(fn parts p(‘r 

iniilioii) 

•• 

Silica (SiOa) 

Iron (Fe) 

10 

22.0 

n 

Aluminium (Al) 


» • 

I'nKua 

Calcium (Ca) 

501.5 

555 

507 

Magnesium (Mg) 

J2.;i 

120 

108 

Sodium (Na) 

:n4.7 

202 

21 

15 

5.7 

Potassium (K) 

Nil. 

21 

Chloride (Cl) 

5,0 

180 

Sulphate (SO 4 ) 

.. 1580 

MH5 


Carbonate (COj) 

•• 1 

Bicarbonate (HCOg) 

.. jj 120 

15.1 

278 

224 

Sulphide (S) 

U 

12 

Total Ions 

2007.0 

2015 

2405.7 

HaS 

CO 2 

Pros(mt 

Pl'twoot 



yrinkquelle water is used for gout, rfiouinatism, psorittsis, dry eozoma. 
neuralgia, chronic oatarrah of tlie lungs, haeiuorrhoids, etc. 



G;'ol()gy anti Gaographi/ 23 & 


SULPHUR WATERS (WARM) 



(a) Aix-lmh-Bains type 




Indian 

hjuropean* 


A^nerican 

Duari, HCazari- 

Surajkiind, 

Aix-Les- 

Taylor 

b<igh Dist. 

Hazaribagh 

Bains, 

Spring. 


Bihar. 

JDt. Bihar 

France 

California 

Temporattxro 


87°C 




(113°F) 

(188 -G^F) 



Plow—Gallon per hour 

/)00 

3000 




(In parts per million) 



Sodium (Ufa) 

128 

140 

34 

93 

Potassium (K) 



,. 

6*3 

Magnesium (Mg) 

Nil. 

Trace 

19 

35 

Calcium (Ca) 

2-9 

2-9 

04 

7 

Iron (Pe) 

Nil. 

Nil. 

4*2 

Trace 

Aluminium (Al) 

4-24 

Nil. 

8*7 

8*4 

Carbonate (CO 3 ) 

121 

123 

112 

36 *0 

Bicarbonate (HCO 3 ) • • 





Sulphate (SO.) 

38 

05 

151 

220 

Sulphide (S) 

20 


34 

13 

Chloride (Cl) 

71 

92 

18 

59 

Fluoride (F) 

18* 

21 * 

. • 


Silica Acid (HSiO<t) .. 

87 -20 

104 *20 

0 *40 

25 *60 

Total Ions 

490 -40 

014*10 

451 *3 

502 *3 

Gases:— 





HaS 

Pn'Hoat 

Present 

Present 

Present 

00, 

9 

Present 

Prf'sent 

Present 

Badon 

3 -28 

0 *75 



The following additional 

Potash 

P<.)tash 



elements have boon dotoc 

IVJaiigani^Ho 

Lithium 



tod by spectroscopic ana¬ 

Bit Ilium 

vStrontium 



lysis. 

Stj'ontium 




Bacteriological Examina¬ 





tion; 


Sterile 




* The high figures for (luorino iudicaio the necessity of inviting medfcal 

as to the suitability of theso waters for ilriiildug purposes for over more ^an a limitea 
period of time. This constituent should however have nO deleterious effect mbatns, 
sprays and other external apiilieat ions for which the water may bo foimd suitebi^ w 
may be of interest to note in th is (suuioctioii that a widely .used water vts,. y 

has been reported to contain as much as 18 parts per million of Huonne. 

* * The waters are mildly ai>orient, induces appetite, tiud 

of skiti diseases, rheumatism, gout, liver and chrcuiio inalana, etc. j 

is alkaline and may be useful in correcting acidosis^ 
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IIL THE POSSIBILITY OF UTILISING SOME 
OF THE SPRINGS. 

The foregoing aceount indicates that some of the Indian waters are com¬ 
parable with some of the well known foreign types. There are others, viz*, 
I ho Indifferent or Simple ty])c of water of Rajgirand Monghyr, which it has 
not been possible to match with foreign types. Nevertheless it is a fact 
that they enjoy a therapeutic reputation. To find out how they compare 
with the usual foreign types of water imported into India, we bottled them 
at the spring sites, making sure at first that they were free from harmful 
bacteria and that our bottles were sterile. The bottles were then sent out, 
1 must admit not without a good deal of diffidence, to people in all walks of 
life in different xjarts of India with a request to give the samples a trial. 
In duo course and to our pleasant surprise urgent requests were received 
from our clients and also from others who had heard about the waters, for 
further consignments. The opinions expressed by them were very encourag¬ 
ing. yome wrote even to say that the continued use of the waters had 
})rovod b(‘heficial to their health. A similar response was met from the users 
of a incdieinal type also. 

Apart from the question of the waters having any intrinsic therapeu¬ 
tic value which only pharmacologists can judge after experimenting on 
})ai.i(‘ntH under strictly controlled conditions, the fact emerged that the class 
of people*, who arc rc'.gular users of table and medicinal waters wer<i perfectly 
satisfied with the Indian waters. They also expressed the opinion that the 
wa.t('i*s w(*re as good as any foreign water used by them. No statistics are 
ava.i[a.l)lo of the improt of foreign waters into India, nor of the amount of 
money s])ent by Indians on spa-treatment abroad. It is however under¬ 
stood that there is scojxi for running a mineral water industry successfully. 
'Flu*. establishment of attractive and well-organised spa-resorts on the Euro¬ 
pean and American model is sure to attract those who go abroad for the 
])urpose aaid also otlu^rs who for various reasons are unable to leave the 
country. 

At one time, we had prex^ared an estimate for a bottling project deal¬ 
ing with 5 lakh bottles a year of a particular type of water, the estimate 
being as follows :— 

Caxutal charges— Rs. 3.5 lakhs : 

Annual working expenses—^Rs. 54,000 per year. 

Allowing foi* advertisements, interest on capital, depreciation, royalty, 
irau.s))()rl, etc., the ])rofit including the middleman's, was estimated at 
As. -/3/- i)er bottle with the pric,e of the water at As. -/lO/- per bottle, the 
pri(;e being less than that of any foreign water sold in India. 

As noted already, some of the waters are resorted to for baths and are 
]jox)ulaiiy believed to be efficacious in certain ailments. The present arrange¬ 
ments for baths, etc., are very crude and unhygienic. There is even no accom¬ 
modation where peox)le can put up and roads are practically non-existent. 
The opening of the modern spa-indusrty in such places with hotels, amuse¬ 
ment ])arks, etc., would not only benefit the industrialist and his clients, but 
would also open up the country to tourists and the general x^ublic who for 
lack of transport, accommodation and other facilities are unable to visit the 
b(*aiity .s})oi;S whore the springs are situated. If properly run, I have no 
doubt such establishments would attract our celebrities and the hard worked 
men and women, important in public life who may be able to draw a fresh 
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supply of eiiergj'and fresluicss in coui-sse of a few dayn relaxation m such 

places. _ . , 1 

The chief obstacle in the way of coimnereialising the suit able s])rings 
is the fact that most of them are either privalely owned or their ownership 
vested in icligious bodies. Even so, these age-old objootunis are bound to 
disappear with a certain amount of educative propaganda, limes are chang- 
ing fast and it may not bo long before the ownei'w <j<)iK‘orn od will wake up to 
the call of a progressive age. 

Our work in iutroduciug the Hpriugs to the attcutiou ()t the public 
end here. Now it is for the medical man and the conuuctcially imndccl 
to take up the enquiry where we left it. 


IV. CONCLUSION 

A statement on mineral springs would perhaps remain iucomplotc at 
least to geologists and geographers if the source of the water of the 
hot springs were not discussed. 

In the case of the hot springs two factors are woi-tli considering viz., 
(1) the composition of the water, and (2) the const^cy of the temperature. 

It has been established that superheated stoani forms over 1)6% of the 
volatile gases emanating from magmas; carbon dioxide forms nearly 2% 
and the remainder is composed of chlorine, fluoriiU'. and sulplmr (as Hulplnd(^ 
and HoS) and occasional traces of boron and aiw^nic^ Ih^aling witli 
the region of the hot springs of ycllowston(‘. Park, Day^ conu^s to tilu^ con¬ 
clusion that if the salts of these clenu^nis vk., chloridc^s, lluoriles, bic^ar- 
bonates and smaller amounts of suli)hates or sulphides, arsenates and borates 
which are normally absent or occur in vc^ry small (pianiity in the country 
rock are detected in tiu*. waters of hot s])rings, the participation of magmatic, 
water is established. 

The chemical and a few sp(^ctros({ 0 ])ical analysers of the waters of the 
Indian thermal springs demonstrate the presence of the (diaraciteristic (som- 
ponents of juvenile waters with the (‘xception of boi'atcs and arsenates, boron 
being detected in one water only. Further, Fenner's study of the bore-hole 
cores and the waters of the Yellowstone 2 ‘cgion has cstablislnid the fact that 
the waters of the hot springs are rich in soda, while the juvenile water is rich 
in potash. The soda enrichment is brought about by the roplaccmont of 
soda in the sodic minerals of the country rock by the potash of the juvenile 
water which in course of circulation through the country rock may lose almost 
all the potash. The juvenile water which is rich i»i silica is also responsible 
for the high value of silicic acid characteristic of the water of the hot springs. 
These two characters viz. (1) presence of high soda to the exednsion of potasli 
and (2) high silica, are also common to the hot sj)rings omc^rging in the Archaean 
terrain of India. In the Yellowstone Park Region, with other convergent 
evidence of the presence of a magma chamber within a short distance of the 
surface of the earth, such composition as the Indian thermal waters have, 
could no doubt be accepted as evidence of participation of j uvenile water in 
the mineral spring activity. 

Inspite of such striking resemblances in character' one hesitates to 
ascribe magmatic influence to the water of the Bihar hot springs as there m 
no outward evidence of late magma activity anywhere in or in the neigh - 
bourhood of the Indian Peninsula with the exception perhaps of the Barron 
Island in the Andaman Sea and Koh-i-Sultan in Baluchistan. So also there 
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is no outward manifestation of contemporaneous magmatic activity in 
Yellowstone Park, but as a result of observation in boreholes of the very 
rapid rate of increase of temperature downwards, it has been deduced that 
the parent magma which gave rise to the rhyolite intrusion in Pliocene times, 
is still maintained in a fluid state in a chamber fairly close to the surface* 

Assuming that the energy of the Indian waters is associated with the 
still liquid remnant of the last phase of igneous activity, one has to go further 
in time than the Pliocene, to the Deccan Trap period (Cretaceous to 
early Tertiary). Whether the traps may in depth still be in a fluid state 
and their juvenile water may still be available for the hot springs of the 
west coast of India and of the Central Provinces is worth looking into. 
In the case of the Bihar Archaean terrain, the problem is still more difficult. 
The latest exposed trap, viz., the Rajmahal voloanics to the northeast of 
the Archaean tract of Bihar is generally believed to be Jurassic although 
its possible reationship with the Deccan Traps has also been hinted at. Is 
it possible that large injections of these traps not so far below the surface 
are still maintained in a liquid condition below the hot spring zone in Bihar ? 
In the Gurgaon district in the Punjab and in the neighbouring portion of 
Rajputana, we know of no vulcanicity later than the Cuddapahs. It is a 
question if the hot springs of these areas should also be regarded as 
obtaining their energy from juvenile waters emanating from molten rocks 
underground. 

On the hypothesis that the hot springs derive tlieir energy from magma¬ 
tic water it remains to be estimated what fraction the juvenile water forms 
of the total water feeding the springs. For the juvenile water on its way 
up must discharge itself into the permanent ground water reservoir so that 
the water as it emerges at the spring results from the commingling of mag¬ 
matic and vadose waters. We may get a clue to this problem from the tem¬ 
perature of the water of the spring. The work of Allen and Day^ in the 
Yellowstone Park has shown that the amoumt of magmatic water (super¬ 
heated steam) required to raise ground water to the boiling point of water 
would vary between 13*4%—12*7% assuming the temperature of the super¬ 
heated steam ranges between 138°C—238°C. On this basis a proportion¬ 
ately lower percentage of juvenile water would be required to account for 
the comparatively lower temperature observed at the springs. 

The fact that a constant temperature is maintained show that the 
commingling of the two waters, magmatic amd meteoric must take place at 
some depth below the ground water level where the quantity of the surface 
water is fairly constant being dependent on the pore space, cracks and 
crevices of the bed -rock and the mean annual rain fall, but independent of 
the fluctuation of precipitation. 

In the case of the hot springs of Yellowstone Park, Day and Allen have 
with good reason departed from the earlier conclusion of Hague that The 
vadose ascending waters do not appear to have been greatly affected by any 
primitive deep-seated waters or their contents^’. Their conclusions that (1) 
the hot springs of Yellowstone Park derive their water from the perman¬ 
ent ground-water zone into which magmatic emanations are discharging 
their contents, (2) the magmatic emanations form about 13 p.c. of the total 
water and (3) the rhyolite magma which extruded in Pliocene times is still 
providing the magmatic emanations from its still fluid core in depth, are 
based on a considerable amount of research on the composition of the waters, 
measurements of the rate of flow of the water and also on the results ot 
examination of the borehole cores and the measurements of the temper'* 
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ature gradient. Intensive research on such an elaboi^at-e scale was not. 
possible in our case, nor was it called for by the liinitf^d nature of tho 
enquiry. 

An examination of the data afforded by the composition and (‘.<>nstaney 
of temperature of the waters in the light of the researches in y^ellowstonc 
Park leads to the postulation of a magma the extrusion of wlu<‘li took ]>laoo 
ia the Deccan Trap period or even earlier. Or one may sjX'culatc 

that unknown to the geolosist a mass of molten magma, has lat»‘ly risen 
from the depths under the superficial skin of the crystalline rocks. Is 
any relationship between the hot springs and this underground ])ile of 
sub-crustal volcanic material ? 


There may be another alternative to the postulated under-ground 
magma column. Gautier showed that I cubic-kilometer of granite can yield 
from 25 to 30 millions of metric tons of water which at 1,100°C would form 
160,000,000,000 cubic meters of steam. In addition to this enormous volunu' 
of vapour 28,000,000,000 cubic meters of other gases would be emitted. 
If by fissuring and subsidence in the lithosphere such a mass of rock were 
carried to a depth of 25,000 to 30,000 meters it would then be in tlu^ heated 
region, and the evolution of vapours under great pressure would occur. 
Ordinary thermal springs may be formed by the same process, opcu'atiug 
perhaps less violently and originate, so to speak, from a sort of distillation 
of the combined water contained in the depressed masses of rock'^. Pr<^sum- 
ably such a hypothesis would demand the foundering of a Iarg(^ block of 
^e country rock in late geological times, and the instability of the (country. 
The fissures along which the springs are situated may have orginat(‘(l at. 
this period, following the general lines of weakness in the <^arth s (*rnst S(d. 

1^ I'he Gondwana times. We cannot however detect any g(^ologi(UiI 
evidences of such large scale foundering of the earth^s crust in the Pcininsula- 
since the Gondwana times. But to the north of the tract is the In do-Gan- 
ptic trough, the lowering of which in the depths of the earth may still be 
taking place. Mr. A. M. N. Ghosh has asked me to consider if the 
depressed mass of sial beneath the Indo-Gangetic trough may not be 
undergoing such distillation ” 'and providing through some channels, 
the requisite quantity of water to the hot springs of the terrain 
immediately to the south. It is a bold speculation, but there may 
be something in it. 


alternative regarding the source of the heat, vh., tJie 

^adoso water 

d^cends sufficiently deep doira in the interior of the earth tho terano- 
rature 01 which increases with depth roughly in the ratio of 1®C for 
every 31.7 meters of depth or 50°C per 1 mile, the water is warmed\m and 
when 1 IS driyen upw^ds, it emerges as a hot spring at a corresponding! v 
high temperature. Allowing'for the loss of heat sustained by the heated 
water m passing upwards through the colder regions of the earth and meeting 
TOlder meteoric waters on the way, it is not unlikely that on this assumption 
the water of the hottest springs of Bihar are possibly issuing from depths 
of well over five to ten mfles. The depth may be even greater^KhrSm 
^mtuTC be anything of the same order as that observed in tho 

T" 207 ft. However, even allowing L 

the chemical characters, mz., the large development of JSTa, P., S, HCO, etc 

It seems f ubtful if large quantities of meteoric water could pemirate t o 
£ » “„w tbe 
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A fourtli source of heat seems to be available in the exothermic reaction 
of certain chemical and mineral transformations, viz., in the disintegration 
of radio-active elements and the decomposition of pyrite in the generation 
of HgS which characterises many of these springs. The amount of heat 
generated in this way however cannot appreciably add to the heat of the 
water, or it cannot be the universal cause of the hear as some of the 
strongly sulphuretted and radio emanative waters are known to be cold. In 
any case at the present stage of our knowledge, there is no Justification for 
ascribing to them any important jDart in supplying energy to the hot springs 
as such minerals are present only in traces in the rocks in question. 

Although no direct data are forthcoming to answer the question of origin 
of the water satisfactorily, the balance of evidence seems to favour the hypo¬ 
thesis that the source of the heat must be somehow connected with the juvenile 
waters released by a magma chamber hidden below the surface. To prove 
the deduction with any degree of certainty, the necessity is indicated of a few 
boreholes in selected regions. A more rapid rate of increase of temperature 
than usual (50® C for one mile) in these boreholes or the appearance of special 
features in the bore-hole cores or in the waters in depths may yield some 
definite answer to our problem, I have no doubt the public who have so 
often responded generously to the cause of education and other noble efforts 
will consider these suggestion when they are looking for a deserving cause 
in which to invest their money. And I hope I shall not be misunderstood 
by the non-geologists among them, were-1 to reassure them, if indeed such 
assurance be called for, that the subterranean magma even if proved woule 
hardly get to the stage of becoming a source of inconvenience to them or 
their posterity for as far forward in the future as they care to look 

Such are the geological and geographical aspects of the problem of hot 
springs, and you will see at once how much remains to be done or if a 
reasonably accurate answer to all our questions will ever be forthcoming. 
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APPENDIX—Table I 

SPRINGS VISITED AND SOME OF THEIR CHARACTERS 
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APPENDIX—Table II. 


TABLE SHOWING RADON CONTENT OF SOME OF THE 
INDIAN MINERAL SPRINGS COMPARED WITH THAT OF 
WELL-KNOWN FOREIGN SPRING WATER 

I. VERY STRONGLY RADIO-ACTIVE. 


Europeon Waters 


Radon content in m Me. 


Caria, Portugal 
Bad Gastein, Austria 
Roman Well, Isle of Ischia, Italy 
Joachimsthal Spring 

(Used solely for their radio-activity : said to cur© 
rheumatism of all forms, anaemia, wealmess and 
gouty conditions) 


(4C - 46—5 - 10 ) 
(Same as above) 
(H -2112) 

(5 -096) 


Indian Waters 


Radon content in m Me. 


Jaroin, Palaniau District, Bihar 

Patalsur, Hazaribagh District, Bihar .. .. 

Kawa Gandhwani Springs, Hazaribagh District, Bihar 
Rameswar Kund, Monghyr District, Bihar 
Usir (Seepage), Manbhuin District, Bihar 
Brahmakund, Patna District, Bihar 
Chandramakund, Surfkund, Sitakund, 

Patna District, Bihar 

Brahmakund (Tapoban), Gaya District, Bihar 


I 


17-7 

10-38 

8 -56—8 -38 

7-85 

7-78 


6-8713—6 -20 
6 *1022 


II. STRONGLY RADIO-ACTIVE. 


Europeon Waters 


Radon content in m Me, 


Grabenbacker Spring 
Buttel, Baden Spring 
Porla, Sweden Spring 

(Used solely for their radio-activity said to citre 
rheumatism of all forms, anaemia, weakness 
and gouty conditions). 


(4 -368—1 -456) 
(3 -276—3 -64) 
(2 -912) 


Indian Waters 


Radon content in m Mo. 


Rishikund Springs (Gr.I), Monghyr District, Bihar .. 

Agnikund, Gaya District, Bihar 

Makdum Kund, Jamuna Kund, Ganga Kund, 

Vyas Kund, Patna District, Bihar 
Shrlngirikh, Monghyr District, Bihar 
Sita Kund, Monghyr District, Bihar 
Phillipskuiid, Monghyr District, Bihar 
Duari, Hazaribagh District. Bihar 
Sohna, Gurgaon District, Punjab 
Agnikund (Bakreswar), Birbhum District, West Bengal 


5 .06—3 -56 
4-234 

4-13—3 -576 
3 -052—3 -08 
3 .05—4 -21 
3 -046 ’ 

3-00 
2-93 
2-80 



APPENDIX—Table II (continued) 

III. MILDLY BADIO-ACTIVE. 


Eubopeak Watebs. 


Badon content in in Mo. 


Hog, Sweden 
Bath 

ApoUinaris 

Buxton 

(Uses :—^Utilised because of their radio-activity 
as well as medicinal constituents). 


(2*184— 1*82) 
(1*73) 

(1 *376) 

( 1 * 20 ) 


Indian Watees. 


Radon content in in Mo. 


Rampur (West of Jiajori), Santhal Pargs., Bihar .. 2.197 

Tanteswari Santhal Pargs., Bihar .. .. 2.0(5 

Markandya Kund, Patna District, Bihar .. .. 1.73 

Surajkuiid. Hazaribagh District, Bihar .. .. 1.41—1.39 

Viswamitra Kund, Patna District, Bihar .. 1.38 

Cliarak (West and East), Manbhum District, Bihar .. 1.15—0.62 

Ram Kund (Hot Spout), Patna District, Bihar .. 1.0035 


IV. FEEBLY RADIO-ACTIVE.. 


Exjeopisan Watees. Radon contiqnt in tu Mo. 


Harkany .. .. _ ( 0 . 30 ) 

Droitwitch ,. ,, ,, (0.21) 

(Uses :—Utilised chiefly for medicinal constituents) 

Indian Watees. Radon content in in Me. 


Lachmiswarkuiid, Monghyr District, Bihar 
Barhmasia, Santhal Parganas, Bihar ., 

Unhara, Ratnagiri District, Bombay 
Brahmakund (Bakreswar) Birbhum District, W^est Bengal 
Ch^dra Kund, Thana District, Bombay 
Bridhkal, Banaras, U.P. 

Mossy Fall (Larger) Mussoorie, Debra Dun District, U.P, 
Lacliman Kund No. 1, Thana District, Bombay 
Lake, 1 mile South of Sitakund, Monghry District, Bihar 
bahasra Dhara Dehra, Dun Dt., U.P. 

Gaibi, Banaras, U.P. 

Tatloi (On Damodar), Springs 1, 2, & 3, Manbhum 
Dist. Bihar 

Victoria Park Tube-well, Golbagh Tube-WeU, Bhai-atpur State 
laatloi, Santhal Pargana, Bihar .. .. 

Kothawala’s Spring, Thana Dist. Bombay !! 

Parasnath Hill, Spring east of Temple, Hazaribagh 
Dist. Biliar ,. 

Trikut pahar, Santhal Parganas, Bihar 
Rajapur (Unhala), Ratnagiri Dist, Bombay 
Ram Kund (Cold Spout), Patna Dist. Bihar 


0.08 

0.02 

0.806 

0.79 

0.585 

0.5255 

0.4065 

0.424 

0.308 

0.273 

0.25 


0.24, 0.12, 0.07 
0.19—0.18 
0.14 
0.066 

0.02 

0.018 

Trace. 

Trace. 
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SECTION OF PHYSIOLOGY 
President:— Dr. Bashir Ahmad, M.Sc., Ph.D., F.N.I., etc. 
PRESIDENTIAL ADDRESS 
THE PLACE OF BIOCHEMISTRY IN INDIA 

I am highly grateful for this honour which the Indian Science 
Congress has conferred upon me by electing me to preside at the 
Physiology Section of the thirty-fifth session of the Congress. Indeed 
I value this great honour all the more profoundly, since I regard it as a 
-mark of recognisation of the importance of biochemistry in a country 
where so far this dynamic branch of science has received scant 
attention. I feel very much grieved and disappointed, however that 
political events in this country prevent me from being present today 
in body, though I am with you in spirit. I pray that science which 
knows no national or communal boundaries, will help to put an end 
to this temporary insanity and bring together all scientists on this 
subcontinent to work hand in hand and shoulder to shoulder for the 
good of mankind as a whole. 

For my address today I propose to speak on the Importance of a 
branch of science, for which, to win its rightful place in this country, 
I and my fellow biochemists have fought a losing battle for many 
years. It is a curious fact that this young and most rapidly growing 
branch of science which has made contributions of far reaching 
importance in less than two decades for the welfare of man In many 
fields particularly in medicine, public health, agriculture, industry and 
towards the solution of social problems, should receive so little 
consideration in this country. Only two out of the twenty-one great 
seats of learning in this land have attempted to establish any depart¬ 
ments of biochemistry. Even of these two only one has a full chair 
in this subject, while in the other it has not progressed beyond a 
lecturership. In all except one. of the many medical, agricultural 
and general scientific institutions of the land where this important 
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science could play a worthy role, it is allotted a back and 
neglected bench. It is not necessary to analyse the causes which 
have gone to help in this state of affairs. It may be even far fetched 
to Imagine that ignorance and jealousy played a part, but curiously 
enough the fact remains that pos/tive support in this struggle came 
not from any devotees of chemistry or medicine or agriculture, 
subjects with which biochemistry has intimate relationship, but from 
some eminent physicists whose love of science prompted them to 
uphold its rightful cause. One of these through his wide vision and 
his able editorship of Science and Culture has done a great deal for 
this branch of science. Biochemistry in this country owes Professor 
M. N. Saha a great debt of gratitude for his support for Its promotion 
and development. 

In this address it is my desire to draw attention to some of the 
important contributions of biochemistry in the advancement of the 
various sciences concerned with problems of human welfare, and 
indicate some of the future possibilities, in the hope that it will help 
to win a rightful place for this branch of knowledge in the scientific 
Institutions of this country. I shall begin with chemistry. 

Every student of this science knows what tremendous amount of 
literature has been produced during the last two decades on the 
subjects of vitamins, hormones and enzymes. For many years on 
each one of these subjects over a thousand papers have been published 
annually in the various scientific journals of the world. Indeed it 
would have been impossible for any individual scientist to keep 
abreast of such rapidly advancing knowledge, but for the invaluable 
service of the authors and editors of the Annual Reviews of 
Biochemistry^ who deserve the highest tribute. This flood of literature 
is indicative of the fruitfulness of these fields of research and the 
immediate importance of the applications of the discovery of new 
facts. The discovery of vitamins resulted from observation on 
certain ancient diseases, but the isolation of the chemical entities 
whose deficiency in the dietary was responsible for the'syndrome 
involved the use of techniques and the processing of the quantity of 
materials hitherto unknown in the chemical laboratory. Since the 
active substance was present to the extent of a few parts per million 
of the natural material, almost tons of the material had to be worked 
up to obtain a few milligrams of the active substance. The difficult, 
complex, and time-consuming schemes of fractionation and purifica- 
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tion had to be devised. The cost involved has been tremendous. 
The isolation of the first gram of thiamin cost almost fifty lacs of 
rupees^. To obtain one gram of biotin, 360 tons of yeast were 
required^ and even if one were to obtain it from eggs which contain 
ten times as much biotin as yeast, the cost of eggs alone will be in 
the neighbourhood of 7,00,000 rupees. Nevertheless the evolving of 
new techniques alone have enriched chemistry to such an extent as 
to justify this tremendous expenditure of funds. 

Further still new techniques were evolved in the determination of 
the structure of vitamins. Micro-methods were often developed and 
applied. Means were found to dispense with the essential conditions 
of purity before embarking upon structural studies. Karrer worked 
with a rich concentrate of vitamin A for the determination of Its 
structure, Williams and his colleagues* conducted successful struc¬ 
ture studies on a prepartion of calcium pantothenate which was 
only about 90 per cent pure. Folkers® has summarized the unique 
series of studies which have led to the establishment of structure 
under conditions when the substance was both Impure as well as 
available only in micro quantities. 

The role of vitamins in the alleviation of disease, and the eradica¬ 
tion of such plagues as beri-beri, scurvy, pellagra, which took an' 
enormous toll of life in many parts of this earth, was Important 
enough to justify the support which th\i study obtained in different 
laboratories of the world. The biological significance of these chemical 
substances went, however, much further. Many conditions of 
obscure aetiology, and in apparently normal individuals, a feeling of 
vague illness, proved to be due to a deficiency of one or the other 
vitamin, and yielded readily to vitamin therapy. Thus vitamin 
therapy became popular for the promotion of optimum health with 
considerable success. Further still the science of nutrition which 
developed rapidly under the stimulus provided by the study of 
vitamins, raised important political and social issues. It was recognised 
that one of the important functions of a democratic state was to 
provide adequate nutrition to ail groups of its population. This 
recognition in turn produced repurcussions in agriculture, industry, 
and other fields. For the large scale fortification of flour and bread 
with vitamins, the chemical industry improved technique of synthesis, 
and developed methods of large-scale production. The result was 
that vitamins which were earlier available in the laboratory in 
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quantities of mlllTgrams only appeared on the market in pounds and 
the production of some of the major vitamins reached a figure of 
100,000 to 1,000,000 lbs. a year. Vitamins became a part of the big 
business. Large advertising campaigns were instituted for the use of 
vitamins and as profits increased more money flowed back into research. 
Today grants of $50,000 a year for nutrition research to individual 
biochemical laboratories in the United States is not uncommon. 

Coming to the subject of hormones, this field has not lagged 
behind that of vitamins, in the prollficity of literature, the importance 
of its discoveries and their application to human problems. In fact 
the output of papers has been so prolific In this field that new 
journals were founded to publish researches in endocrinology. 
Taking the group of sex hormones alone, it is well known how the 
biochemistry of these developed with almost explosive rapidity after 
the isolation of Oestrone by Doisy® and by Butenandt"^ In 1929 from 
human pregnancy urine. In less than a decade the entire group of 
naturally occurring oestrogenic and androgenic compounds, and 
progesterones were Isolated, their chemical structure and the 
laboratory synthesis of some of them worked out. The physiological 
action of these compounds, their biosynthesis, their metabolism 
and their role in pregnancy, reproduction, lactation, growth, puberty, 
sinillty are subjects of profound human interest and biochemistry has 
enriched our knowledge of these remarkably. Researches on 
hormones have also led to the discovery of new techniques both in 
chemistry and clinical medicine. In the latter field the nature of sex 
determination, sex involution, pubertal growth have been delineated 
exprimentally with the help of these hormones. 

The possibility of cholesterol being the starting point of the 
biosynthesis of steroid hormones was indicated by Fieser® and by 
Koch® in their admirable monographs. Recent studies of Bloch with 
the help of deuterium containing cholesterol have provided an 
experimental support for this view. The administration of this 
cholesterol, led to the appearance of deuterium containing pregnan¬ 
diol in pregnancy urine. The output was of the order expected. 
Discoveries of fundamental Importance are likely to result from a 
study of the role of hormones in cell processes which are being 
actively pursued today. The action of androgens*in the synthesis 
of profeins, and of adrenal cortex steroids - in the metabolism of 
carbohydrates, proteins and salts are already well-established. 
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Enzymes is another fruitful field which biochemistry has 
explored with admirable success. While the foundations of this 
study were laid almost In the middle of the last century by the work 
of Liebig and Pasteur on fermentation, it is only during the last two 
decades that we have been able to get a clearer glimpse of the 
myriads of chemical reactions taking place in the tiny living cell. 
These chemical reactions which are collectively referred to as 
intermediary metabolism and whose integrated systems are respon¬ 
sible for all the phenomena of life, are not spontaneous, but organised 
and well controlled processes brought about by highly specialised 
catalysts, the enzymes. Since the number of chemical reactions In a 
tiny living cell are to be counted in hundreds It supposes the 
presence of hundreds of enzymes. This, in fact Is true and literally 
hundreds of enzymes have been Isolated from the small yeast cell. 
The fundamental importance of enzyme studies is evident from the 
single fact that a Nobel Prize has come to most of those who have 
taken a hand in this remarkable work. I shall recount some of the 
names; Eduard Buchner (1907), Otto Meyerhoff (1922), Hienrich 
Wieland (1927), Arthur Harden (1929), Hans Von Euler (1929), Otto 
Warbugg (1931), Albert Szent Gyorgyi (1937) and lastly Richard 
Kuhn (1939) whom the Nazi decree did not permit the acceptance of 
the prize. 

One of the most remarkable achievements of biochemistry in 
the field enzymes, is the reconstruction of the entire process of the 
fermentation of glucose to alcohol and glucose to lactic acid in vitro. 
Some 20 enzymes are involved which have been isolated and prepared 
in a pure state. A complete picture has been produced of the 
chemical details of how the various enzymes systems are linked and 
how the different chemical reactions are synchronized. This indeed 
is a remarkable achievement, but it is a drop in the ocean. Vast 
fields of virgin territory remain unexplored in enzyme chemistry. 

Some other land marks in the field of enzymes are the elucidation 
of the chemical nature of cozymase by Euler and his school (1937) ; 
of cocarboxylase by Lohman and Schuster (1937); of the yellow 
enzyme of Warburg by Warburg himself and by. Kuhn (1935) and 
Karrer *(1935); of the enzyme of tyrosine decarboxylase by 
Gunsalus (1944), all of which are examples of vitamins functioning as 
prosthetic groups. These explain the organism’s continuous require¬ 
ment of vitamins. Similarly the indispensability of certain trace 
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elements in nutrition point to their being parts of some important 
enzyme systems. The development of the knowledge of enzyme 
chemistry also provides a basis for the understanding of the chemo¬ 
therapeutic action of drugs. Observations on the relation of 
suiphonamides and p-amino-benzoic acid are an important milestone 
in this direction. These supports the view that suiphonamides only 
compete with p-amino-benzoic acid in the formation of an essential 
enzyme complex. The action is not unlike an antivitamin. For the 
first time these studies open up an Important avenue for a rational 
programme of chemotherapeutic research after many decades of much 
wasteful effort in trial and error organic synthesis. 

These few facts are enough to indicate the enormous quota of 
the contributions of biochemistry in the fields of vitamins, hormones 
and enzymes and their application in medicine. Even In day to day 
diagnosis and treatment of disease, the help of the biochemist is 
becoming increasingly important. Very often his findings are 
essential for arriving at a correct diagnosis. Some of the micro¬ 
methods developed and used by him represent advances of great 
significance in chemical methodology. The techniques developed by 
Folin and wu (1919) and Bang (1916) for blood analyses; capillary 
colorimetry developed by Richards, and procedures of Linderstrom- 
Lang for investigations of enzymes in cells, are land marks In 
quantitative analytical chemistry. 

Lately biochemistry has come to play an increasing role in agri¬ 
culture. Agriculture today is not only concerned with increasing 
yields but quality is an important consideration. For food crops the 
production of total protein, total carbohydrate or total vitamins are 
considered more appropriate criteria than merely total weight. 
Indeed biochemical studies go much further and enquire into the 
quantity of a particular essential amino-acid, or any vitamin or 
enzyme which a particular crop would yield. The relative influence 
of climate, seasons, latitude, altitude, fertilizers, and soil conditions 
has been studied, and results of striking value obtained. A few 
years ago we investigated the thiamin content of different varieties 
of wheat grown in the Punjab and found values ranging from 2 to 6 

per g. Indicating that certain varieties under certain conditions of 
growth produce three times as much thiamin as the variety with the 
lowest value. The importance of these observations Is obvious. 

Fundamental knowledge of plant biochemistry is essential to 
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the plant pathologist, the plant geneticist, the horticulturist and 
the economic botanist. This knowledge has grown Into an important 
branch, though not as far developed as animal or bacterial biochemis¬ 
try. The course of biochemical reactions in the plant are somewhat 
more complex than In the aniaml. Starting from carbon dioxide, 
water and a few inorganic elements, the plant cells synthesise an 
extraordinary range of complex organic compounds providing 
complete systems of synthesis and break down within themselves. 
Plant tissues, unfortunately do not offer the same facilities for study, 
as the blood, the glands, the liver, or the organs of digestion and 
excretion In the animal, but new techniques for investigating the 
complex biochemical systems of plants are being devised which open 
up avenues of enormous possibilities. For example an enzyme 
system has been isolated from plants by the help of which starch can 
be synthesized in vitro.^^-^^ Even the enzymic synthesis of sucrose 
has been accomplished in vitro. Though the starting materials in 
this case were glucose-monophosphate, fructose and an enzyme 
system obtained from a bacterial organism, a line of attack has been 
opened which offers possibilities of development. 

There are many .other important fields in which biochemistry 
is making contributions of fundamental importance. Mention may be 
made of genetics, viruses, chemotherapy and immunology. An 
insight is being gained into the nature of genes and viruses, and how 
they direct biochemical reactions leading to profound effects. The 
mechanism of the genetic control of the oxidation of homogentisic 
acid presumably through a specific enzyme; of the synthesis of plant 
pigments such as carotinoids, anthocyanins and flavones ; and several 
other oxidations and syntheses In the plant and in the animal, is being 
gradually elucidated. Recent observations on the chemical and 
genetic mechanism of the reproductive system of Chlamydomonas, 
and of the amino acid synthesis In Neurospora are of great significance. 
Encouraging investigation have been made on the chemical nature of 
viruses, and change of their chemical structure by certain 
chemical reactions, A clearer understanding of the biochemical 
mechanism of the therapeutic action of drugs Is being reached. 
Chemical nature of the protein antigens and specific polysaccharides, 
of toxin and antitoxin reactions is being revealed and foundations of 
the science of immunochemistry laid. 

1 have picked up and presented to you a few* glittering fragments 
from the large mass of scientific literature in biochemistry and 
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indicated the role which they play in the progress and welfare of 
man. Biochemistry today is no longer the hand-maid of medicine, 
or the ugly duckling of Physiology. It is a full grown science in its 
own right. Though still young, It has grown in stature bigger than 
some of the traditional branches. Give biochemistry a chance in 
your chemistry laboratories, in medical and agricultural institutions 
and in industrial laboratories. It has already done tremendous 
service to man, but its unexplored potentialities are even greater. 
Therefore the years that lie ahead are exciting ones. By neglecting 
this important branch of science are we going to deprive ourselves*of 
a share in a development, which may affect the future destiny of 
every living being in this world. 
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RICE 

Physico-Chemical Aspects of its Curing to Secure Vitamin 
Conservation and Improvement in Storage and Cooking Quality 

It is but appr^riate that at a session of the Indian Science 
Congress held at Patna, there should be an address on Safn 
aspects of the chemistry and technology of rice, for Patna h^s 
long been fnnious es e centre of the rice industry. 

Though rice is the staple food of nearly half the world’s 
population, Its technology has not received until recently nremer 
attention. Owing to the acute world shortage of rice, however 
and the consequent necessity for getting the best out of limited 
supplies, increasing attention is now being paid to the technnl!.^ 
of nee. This address deals with such investigations. ^ 

The number of named varieties of rice is said to exceed two 
thousand. Hundreds of vaneties are cultivated. There exist 
between these varieties marked differences in quality as revS 
by consumers’ preferences. Attempts have bwn mhde to c?rr^ 
late qudity in nee with certain chemical and physico-chemkal 
properties of the cereal. Hooper (Agri. Ledger^ at! 
Malysed 159 samples of various Indian rices and noticed’that 
the variations in chemical composition could not be correlated 
with quality. Warth and Darabsett \pusa Bulletin No 38 IQlS 
attempted to use the action of alkali on the rice grain as the basis 
quality. Steinbarger (Cereal Chem., 1932 9 
317) tested the cooking quality of certain domestic varieties.’ A 
biochemical study of certain aspects of quality in rice was carted 

out by Sahasrabuddhe and Kibe (/nrfidn/. 5'ci. 1935 5 lO) 

Extensive investigations were carted out at the Centrar College* 
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Bangalore, to correlate varietal differences in physical properties 
with" the quality of rice. A study of sorption and desorption of 
water by rice grains showed that in general, superior varieties 
of rice lose water more readily during dehydration, and take up 
water at a faster rate, during hydration, than varieties of poorer 
quality (Subbaramiah, K., and Sanjiva Rao, B*, Proc, Ind. Acad, 
Sci,, 1937, 6, 36). This showed greater permeability of the grain 
to moisture, in superior varieties. Changes in electrical conducti¬ 
vities of rice suspensions in water, at different temperatures, were 
studied. Varietal differences in the rate of increase of conducti¬ 
vity were observed, but could not be correlated with quality 
(Subbaramiah and Sanjiva Rao,P/*i?c. Ind, Acad,Sci., 1937,6, 52). 
The question whether there was any difference in the hydrophilic 
character of raw starch from different varieties, was examined 
by determining gold numbers and congorubin numbers of rice 
suspensions in water. It was found that the gold numbers were 
not reproducible. The congorubin numbers, however, were 
reproducible, but no significant variations were noticed between 
different varieties of rice (Subbaramiah and Sanjiva Rao, Proc, 
Ind, Acad. Set, 1937, 6. 46) Calorimetric work on the hydration 
of rice gave interesting results. While a little heat developed 
on wetting rice grains with water below 40® C., hydration of rice 
was an endothermic process. The absorption of heat was found 
to be closely associated with the swelling of the grains on hydra¬ 
tion (M. R. A. Rao and Sanjiva Rao, Symposium, on Colloids: 
Ind. Acad, of Set. 1935). 

Swelling of Rice 

This observation led to an extensive investigation of the 
swelling of rice grains when cooked. It was found that there 
was a close correlation between the quality of rice (as indicated 
by consumers’ preference) and the swelling of rice when cooked, 
under certain standard conditions (Sanjiva Rao, lOth International 
Congr, Chem., 1939, 4, 550). This correlation furnished a con¬ 
venient method of determining cooking quality, and of expressing 
it in quantitative terms by ” Swelling Numbers The swelling 
number (S.N.) of a rice is the weight of water imbibed by 100 g. 
of rice when cooked in water for 30 minutes at 97® C., under 
certain standard conditions. This simple method of determining 
cooking quality has been in use at the Central College for over ten 
•years and has been found to give highly reproducible results. 

Useful information about the cooking quality of rice was 
obtained by a study of swelling numbers. It was found that rice 
from freshly harvested paddy had a low value of 96 for its S.N: 
The value however rovse to 234 when the paddy was cured by 
heating at 60® C. in a sealed tube, for six hours. Water 
was liberated during the heat treatment. When the paddy 
was cured at 98® for six hours, the value dropped to 172. 
Parboiled rice prepared from the paddy, by the indigenous 
method, had a swelling number of 248, while the paddy on curing 
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by long storage at 25® yielded rice with S.N. 311. Important 
conclusions arrived at were: (a) Rice from freshly harvested 
paddy (which is notorious for its poor cooking quality) gives a 
very low swelling number, (b) storage, or proper heat treatment 
improves the cooking quality of freshly harvested paddy, 
(c) overcuring adversely affects the quality, and \d) parboiled rice 
swells less than raw rice, when cooked under the same conditions. 

Rice obtained from fresh paddy is well known to be unsuit¬ 
able as food since it gives rise to severe digestive disturbances. 
In India, the paddy is generally stored for 3 to 6 months before 
it is hulled. In pre-war years, the market value of paddy, even 
after three months’ storage, used to be about 20% less than that 
of paddy that had been stored for a year. It is obvious that any 
process that cuts short the curing process will be of economic 
importance. In South India, in times of scarcity of rice, it is 
not unusual to hasten the curitfg by keeping the paddy along with 
the straw, in heaps, for some days. Marked improvement in 
quality is obtained by such storage, under conditions which lead 
to conservation of heat and moisture. This form of curing how'- 
ever, is obviously crude and does not give an uniformly cured 
product. 

The unsuitability as food, of rice from fresh paddy seems to 
be due, to at least two causes. One is its poor swelling when 
cooked. Cooked rice that has swollen presents a large internal 
surface at which the enzymes which effect the digestion of starch, 
can be adsorbed and can act efficiently. When swelling is poor, 
enzymic digestion ef starch in the alimentary canal is unsatis¬ 
factory and the improperly digested starch is attacked by bacteria 
and causes undesirable effects. 

Another reason for the poor quality of rice from fresh paddy 
seems to be the poor permeability of the envelope surrounding 
the starch granules. Reichert states, with reference to starches 
in general, that “ If the coating of the starch granule is perfect, 
there is no enzyme action in vitro, even in twelve months at 
optimal temperature ” (“ The Differentiation and Specificity of 
Starches,” p. 177; cf. Jansch, Arch. Verdaumgs-Krankh, 1937, 
61, 278, cited from Chem. Abstracts, 1938, 32, 1301). 

The swelling of starches has received considerable attention 
in recent years (Alsberg, Plant P/iysiology, 1938, 13, 295; Mullen 
and Pascu, Ind. Eng. Chem. 1942, 34, 807; Bear and Samsa, Ibid., 
1943, 35, 721; Badenhuizen, Rec. trav. botan. neerland, 1938, 35, 
559; Harris and Jesperson, Food Research, 1946, 11, 216; J. 
Colloid. ScL, 1946,1,479;' Colloid Chemistry, by Jerome Alexander, 
Vol. V, p. 673). It is generally recognised that the starch 
granules enlarge by tangential expansion and not by develop¬ 
ment .of internal, radially directed pressure. Swelling is influ¬ 
enced by the following factors: (1) original size of granule; 
(2) relative percentages of amylose and amylopectin; (3) extent of 
crystallisation of starch and the nature of the crystallites in the 
granules; and (4) whether the structure of the granule has been 
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previously influenced by chemical or physical treatment. Some 
of these factors are of particular importance with reference to 
processes for curing rice. Hydrogen bonding seems to play a 
part in the swelling of starch. Cations have been found to have 
a marked effect on the swelling (Repperton, Hawaii Agr. Exptl. 
Sta. Bull, 1931, 68, 4^; Meiss, Treadway and Smith, Ind. Eng. 
Chem., 1944, 36, 159). 

It should be noted that all these investigations on the swelling 
of starch have been carried out with granules that have been 
detached from their natural setting in the raw material. We, 
however, are concerned with the overall swelling of the rice grain 
in its cooked state, as served at the table. While wheat is con¬ 
verted into flour and from the flour are prepared articles of food 
like bread, chapathi or macaroni, the rice grain receives very 
little treatment, apart from polishing, before it is cooked and 
made ready for the table. The cooked grain is therefore merely 
the original rice grain that has imbibed water and has swollen. 
The swollen granules continue to be in the original framework 
of the rice grain. I n fact, if in the process of swelling, the granules 
detach themselves from the framework, the quality of the rice 
is considered to be very poor .indeed. 

The principal material that binds the starch granules into a 
rigid structure seems to be the protein in rice. It is well known 
that proteins form complexes with carbohydrates. The latter 
also form complexes with fats, phosphoric acid and silicic acid 
and it is probable that the formation of such complexes also 
plays a part, in building up the structure of the rice grain, out 
of the constituent starch granules. Sjostrom (Ind. Eng. Chem., 
1936, 28, 63) pictures the granules in the rice grain as enclosed in 
honeycomb-like structures of gluten and states thatin the aggregates, 
the granules are heldtogether^ the glutenparticles. The cementing 
material in rice is strong and necessitates the use of drastic reagents 
in breaking down the structure of the grain in the production of 
rice starch (Industrial Chemistry by Rogers, 1942, 2, 1404). The 
term “ Cohesive Colloids ” has been applied by Jerome Alexander 
to binding materials like gluten which produce coherent struc¬ 
tures (J. Alexander, I. Soc. Chem. Ind., 1936, 65, 206; Colloid 
Chemistry, Vol. V, 10, 1944). 1% Protein seems to be thebin^ng 
material in the production of a coherent structure from small 
i^ycogen units (Lazarow, Science, 1942, 95, 49). The role of 
calcium humate in binding soils into the crumb structure is well 
known. It has been stated by Zweifach (Cold Spring Harbor 
Symposium, 1940,8, 216) that a calcium protein compound binds 
together the cells in the capillary wall. 

The framework of the rice grain is under certain circum¬ 
stances rather a delicate structure. For instance, if rice is 
exposed to the sun, or subjected to vacuum, or to dry heat, the 
grain is badly affected as noticed on cooking it. In processes 
for the curing of rice, the delicate nature of the framewprk Jias' 
t9 be constantly borne in inind. 
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Amylose and Amylopectin in Rice 

It has already been pointed out that one of the factors affect¬ 
ing the swelling of starch granules is the relative proportion in 
them, of amylose and amylopectin, which constitute two distinct 
fractions of starch. Both the fractions consist of chains of glucose 
residues linked by alpha 1 :4 glucosidic bonds. Particles of 
amylose are long and threadlike, while those of amylopectin are 
much more nearly spherical. Amylose largely consists of un¬ 
branched chains of 100 or more glucose members while amylo¬ 
pectin has branched structure composed of unit chains of about 
20 glucose residues. The molecular weight of amylose is between 
10,000 and 100,000 while that of amylopectin exceeds 300,000 
(Haworth, J. Chem. Soc., 1946, 543; Meyer, K. H., Advances in 
Colloid Science, 1, 143^ Investigations were carried out at 
Central College to find out how far varietal differences in amylose- 
amylopectin ratios would affect the swelling numbers of the 
different varieties of rice. The amylose and amylopectin con¬ 
tents of different varieties of rice were determined by potentio- 
metric titrations carried out by the method described by Bates, 
French and Rundle (J. Am. Chem. Soc., 1943, 65, 142) as modified 
by Wilson, Schoch and Hudson (Ibid., 1943, 65, 1380). It was 
found that there was a close correlation between the amylose 
content of a rice and its swelling number (Vasudevamurthy, A. R., 
Subramanya,- R. S., and Sanjiva Rao, B., unpublished wofk). 
Varieties of good cooking quality were found to have amylose 
content varying from 12 to 17%. Such varieties have high swelling 
numbers (270 to 305). A few varieties were noticed to have no 
amylose at all, the swelling number in such cases was as low as 
200. The question arises if the amylose-amylopectin ratio of 
a rice can be altered by appropriate treatment and the cooking 
quality of the rice thus improved. It was found however that 
heat treatment of paiddy by methods like parboiling did not 
affect the amylose-amylopectin ratio. Haworth (loc. cit.) has 
suggested a scheme for the synthesis and breakdown of amylo¬ 
pectin and amylose by the P. and Q. enzymes of potato. 
P. enzyme under appropriate conditions acts on amylopectin to 
yield amylose. Much more knowledge of the action of the enzyme 
however, will have to be obtained before we can hope to alter 
the quality of a rice by enzymatic action. 

In starch there is a strong tendency for the formation of 
“Interlocked macromolecules”. The formation of cross-link¬ 
ages in the macromolecules, reduces swelling capacity. We naay 
look upon rice as a colloidal system which has limited swelling 
capacity owing to the presence of cross-linkages. It has been 
suggested by Staudinger (Trans. Far. Soc., 1936, 32, 323) that 
such systems have long threadlike molecules linked by bridges 
to three-dimensional molecules. The links cause a complete 
change in the physical properties, especially solubility. The 
I pnger the tfirfa^s apd the spiall.er the nqjnber of links, the higher 
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is the swelling capacity. By controllingthe cross-linkages therefore, 
we can modify the swelling properties (Rldeal. Trans. Far. Soc., 
1936, 32, 323). 

Rice in fresh paddy is in a large measure in the hydrogel 
condition, and as the rice ages, there is elimination of water, due 
to syneresis. As syneresis proceeds, cross-linkages are formed 
and there’ is greater rigidity in structure, until ultimately, o,n 
adequate storage, we are able to husk the rice without undue 
damage. In fact, there is a very close analogy between the aging 
process in rice and the formation of the xerogel of silica (called 
“ silica gel ”), from the hydrogel of silicic acid. To obtain a 
xerogel of silica having a large internal surface ((provided by 
capillaries), it is usual to subject the hydrogel to what has been 
appropriately called “ Wet-heat Treatment ” (Holmes, Ind. Eng. 
Chem., 1925, 17, 280; 1926, 18, 386). The treatment consists 
in keeping the hydrogel as hot as practicable, while 
preventing loss of moisture. It may be noted that in the rice 
grain also, there are capillary spaces as in silica gel. These 
capillaries have been studied at Central College. Employing a 
special technique, which he later used to estimate the capillary 
spaces in silica gel, M. R. A. Rao actually measured the volume 
of air entrapped in rice capillaries. (M. R. A. Rao, J. Ind. Chem. 
Soc., 1935, 12, 336). The sorption of water vapour by rice grain 
was carefully studied by K. Subba Rao {Curr. Sci., 1939, 8, 256) 
with particular reference to hysteresis in sorption, which he has 
explained on the basis of the existence of cavities with narrow 
necks. His work showed that some of the cavities in rice were 
of molecular dimensions. The hysteresis loops in rice' disappeared 
on successive sorption and desorption of water vapour, but not 
of carbon tetrachloride vapour by, the rice. It may be men¬ 
tioned that the hysteresis loops in silica gel persist even after a 
large nuinber of cycles of sorption and desorption. The difference 
is of significance. 'While the capillary walls of silica gel are rigid, 
those of rice, which is a swelling gel. are elastic. In fact, when 
rice grains undergo a series of sorptions and desorptions, there 
is a considerable gain in the elasticity of the walls, leading to the 
final disappearance of the hysteresis loop. 

Parboiled Rice 

The fact that rigidity in structure, in the rice grain, can be 
attained by the application of wet heat and the consequent devdop- 
ment of cross-linkages, is of great practical importance and is the 
basis of several methods of curing rice. One of the oldest of such 
methods, is the parboiling, of paddy. This method of curing 
rice has been followed in India for a very long time. Originally, 
the aim of parboiling was to render the husking of rice easy. 
Parboiling however, accomplishes much- more than that. The 
out-turn of parboiled rice is"usually 6 to 10% more than that .of 
prdinary milled rice (Report of the Rice Study Group of .fAO, 
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1947, p. 14). Parboiling leads to a conservation of the water- 
soluble vitamins of the B group—^thiamin, niacin and riboflavin in 
particular, and also, of protein and mineral matter, of nutritional 
importance (Aykroyd, J. of Hygiene, 1932, 32, 184; Subramanyan, 
Sreenivasan and Das Gupta, Indian J. Agri. Sci., 1938, 8,459; 
Sreenivasan, Indian Med. J., 1938,-. 32, 1). When rice has been 
properly parboiled, the keeping quality of the rice also improves, 
partly because the vitamins in the cured rice are not readily 
available to the weevils J Another important advantage of parboiling 
is that when parboiled rice is. washed, prior to its cooking (and 
rice invariably is washed before it is cooked), the loss of thiamin is 
about 8% only, while raw milled rice loses 60% of its thiamin, on 
washing (Swaminathan, Indian j. Med. Research, 1942, 30, 409). 
Striking diflference in loss of vitamin on washing has also been 
noticed by Kik, between parboiled rice and raw milled rice (The 
Nutritional Improvement of White Rice,, by Kik' and Williams, 
1945, p. 19). 

In parboiling, the paddy is first soaked in water for' a period 
varying from 24 to 72 hours. During this process, the water- 
,soluble vitamins and other nutrients present in the bran layers, 
move into the endosperm. The rice imbibes water and-becomes 
a hydrogel. The paddy is then boiled . in .water or heated by 
steam. This constitutes.the ‘.‘Wet-heat treatment” which deve¬ 
lops cross-linkages in the grain.- As .a result of the partial 
gelatinisation of the starch, the .vitamins are .firmly fixed in the 
endosperm and are far less readily washed put. • A good account 
of the different methods employed in parboiling has been given 
by Ramiah (Rice in Madras, 1937, ,p.' 90). The process has 
scarcely been standardised. In the FAO.report on the “ Rice Eco¬ 
nomy of Asia,”itisrightly observed “The traditional rule-of-thumb 
parboiling process needs to be rationalized by careful investigation 
of each stage of the process, "with a view to modification and 
improvement.” The need for reform in parboiling has also been 
emphasised by the'Rice Study Group of the FAO in its report 
(1947): “ The process of parboiling has not been standardised. 
Rule-of-thumb methods are being used. With a view to 
securing incteased weight, millers often do not dry parboiled 
rice to the required extents Such rice does not keep well and 
develops an unpleasant flavour. Parboiled rice is thus of varying 
quality and there is a strong cohsumer prejudice against it in 
certain Asiatic countries. It is considered important that the 
parboiling process should be standardised to eliminate mal¬ 
practices. There is. need for developing equipment and facilities 
suitable for small-scale parboiling operations”. 

The chief defects of improperly parboiled rice seem to be: 
'(1) objectionable odour, (2) uninviting taste, and (3) toughness 
of the cooked grain. The first two undesirable features can be 
eliminated to a large extent, by reducing the period of soaking 
, of .paddy and by employing hot .water for soaking. This 
aspect of the prpblein- h^i beep ipvestigated at Ceptral College, 
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and we recommend that soaking be carried out for a period of two 
to three hours at a temperature of 70° C. M. C. Kik has carried 
out extensive tests on parboiling {Rice Journal, July 1946). His 
results also show that it is advantageous to have a comparatively 
short soaking period in water in the neighbourhood of 70° 
{cf, Charlton, Bulletin 46, Agri. Res. Inst., Pusa, 1923). 

When cold water is used for soaking paddy, and the duration 
of soaking is 24 to 72 hours, a great deal of fermentation takes 
place, particularly if the paddy has not been thoroughly cleaned 
to. remove objectionable impurities like cowdung. Fermentation 
can no doubt be minimised if the soak water is frequently changed, 
but the need for ftequent replacement of the soak water does not 
seem to have been realised by millers. 

Objectionable odours are likely to develop in parboiled rice 
during the sun-drying of the cured paddy, unless proper care is 
taken to see that the drying yards are maintained in a sanitary 
condition. Sun-drying of parboiled paddy is beset with so many 
difficulties, that a very necessary reform is the introduction of 
mechanical dryers. There is a great need in rice technology for 
a dryer that can economically handle the drying of parboiled 
paddy in quantities of the order of two tons. 

Another essential improvement is the frequent determina¬ 
tion of moisture in paddy that is being dried. In American 
factories, where i)addy is cured by certain improved methods 
of parboiling, moisture determinations are carried out every 15 
or 30 miriutes on cured paddy that is being dried. In India the 
miller relies on his “Experience” and tWs frequently leads to 
poor quality of the parboiled rice. It should be noted that the 
extent of moisture in rice profoundly affects its storage. The 
Rice Study Group, in its report (p. 14) points out “ It is essential 
that rice intended for storage have a low moisture content. This 
should not exceed 10 to 12 per cent, in In^a ”, 

A defect of parboiled rice which has been partly responsible for 
its rather limited popularity, is that parboiled rice when cooked 
yields a tougher product than that given by raw polished rice. 
“Tenderness testers” are now being used in food technology 
in America, to express quantitatively the tenderness of foods. 
Attempts at Central College to design a suitable instmment for 
use vnth cooked rice have not been successful but we find that the 
swelling number can be used as a rough index of the tenderness 
of the cooked rice. Parboiled rices have been found to have 
swelling numbers ranging from 240 to 250, while raw polished 
rices of good cooking quality have swelling numbers ranging 
from 300 to 320. Parboiled rice therefore appears to be an 
oyercured product. By reducing the duration and the tempera¬ 
ture of gelatinization of starch, it is practicable to obtain a par¬ 
boiled rice having a higher swelling number, but the grain will 
be less hard and there will be a greater loss in milling, due to 
breakage. We have therefore to fix an optimum for the swelling 
nvupber, taking into account tfie preference of CCrtgin consuRjors 
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for softness in cooked rice, as also the gain in head rice that is 
secured by greater gelatinization of the starch. 

Rice Conversion and Malek Process 

In recent years, several attempts have been made to modernize 
the parboiling process, and rice is now cured in America on the 
large scale by two patented processes—“ Rice Conversion Pro¬ 
cess ” (Food Industries, 763, 194^ and “ Malek Process ” (Ibid., 
1192, 1947). It has to be noted that these processes are funda¬ 
mentally akin to the parboiling process, that has been in use in 
India for ages. M. C. Kik and R. R, Williams in their report 
on “ The Nutritional Improvement of White Rice” (1945), p. 62, 
state “ We are unable to point out clear-cut and obvious evidence 
of fundamental invention over some of the traditional processes 
in use in the Orient, nor have these questions been adjudicated 
by the courts so far as the present authors are aware”. In the 
Rice Conversion Process, the soaking of paddy is facilitated by 
the employment of vacuum to suck out the air present in the 
capillaries. Hot water at about 93® C. is used for soaking, a 
pressure of 100 lbs. being applied to hasten the movement of 
water into the endosperm of rice. Steam is used for the gelatini¬ 
zation of the starch, which is effected in rotary driers, wherein 
the paddy is later dried under vacuum. In the Malek Process, 
the soa.king is carried out at a temperature of 82° C., the gelatini¬ 
zation is effected in a rotating steamer, and a special type of drier— 
the Berico Rice Drier is used for drying the cured paddy. Both 
these processes give a high yield of head rice. The processes 
however, can be successfully used only on the large scale and it is 
doubtful if they can be accepted for general use in India. Vitamin 
conservation is quite satisfactory, that in the rice conversion 
process being appreciably higher (p. 63 et seq. The Nutritional 
Improvement of White Rice). The swelling numbers of several 
samples of converted rice were determined at Central College and 
found to be even smaller than those of parboiled rices of India. 
Consumers’ tests on converted rice were carried out in India 
recently, on a fairly large scale, under the auspices of the Ministry 
of Food. It was generally felt that converted rice, on cooking, 
did not yield a sufficiently soft product acceptable to consumers 
in India, accustomed to raw, polished rice. 

Calcured Rice 

In an endeavour to obtain a form of cured rice that has the 
ap^arance of raw, polished rice, as also its cooking quality, 
while having at the same time, all the desirable features of par¬ 
boiled rice, a modified process of curing rice has been developed 
at Central College (B. Sanjiva Rao, R. S. Subramanya and K. 
Srinivasan, 1946V In this process, the paddy is soaked in a 
dilute solution (0-2 molar) of calcium chloride the pH of which 
is adjusted to 4-5. The soaking is carried out for 2 hours, the 
tepipe'ratpre of the solptipn being 70°C. The solution is drained 
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off, and the gelatinization of the starch is effected by heating the 
paddy with steam to a temperature of 98“C. The paddy is then 
dried and husked. It will be noticed that in the calcuring process, 
the duration of soaking is kept low so that discoloration of the 
■rice by the xanthophyllic colouring matter from the husk, is 
reduced to a minimum. By adjusting the jjH of the solution to 
4-5 the dispersion of the colouring matter is reduced. The very 
feeble acidity of the solution also helps to minimise the thermal 
destruction of thiamin. In this process, the gelatinization of 
starch is carried out to a very moderate extent as compared with 
other processes for the curing of rice, the necessary rigidity in 
structure of the grain being secured by the employment of 
calcium ion to modify the colloidal properties of starch and of 
the protein, which as already stated, is the cohesive colloid 
that holds together the rice granules. Instances of superior 
cohesive action possessed by calcium proteinates have been given 
earlier. It may be mentioned that unlike alkali proteinates, 
the calcium complex is electrolytically dissociated to a very small 
extent. When rice is soaked in calcium chloride solution, there 
is an exchange of cations, the potassium in the rice partially goes 
into solution and is replaced by calcium. The colloidal pro¬ 
perties of starch also are modified by calcium ion (cf. Colloid 
Chemistry by J. Alexander, Vol. IV, 673). 

In the calcuring process, the gelatinisation of starch is so 
adjusted that there is no appreciable fall in the swelling number 
of the rice. For instance, when a variety of rice having in raw 
polished form, a swelling number of 320, is calcured, its swelling 
number drops only to a small extent, the value being 300. 
Calcured rice when cooked, is soft unlike other forms of cured 
rice. Each cooked grain however, retains its individuality. 
The cooked rice has no objectionable flavour. The calcium 
content of calcured rice is about five times that of ordinary, 
raw polished rice. There is thus some nutritional improvement 
owing to higher calcium content. It is of interest to note the 
growing tendency to use calcium salts in food technology. 
Calcium chloride is used in canning tomatoes to give them firm¬ 
ness. Latterly, calcium chloride has ‘been used for rendering 
apples firm {Fruit Products J., 1946, 25, 200, 217, cited from 
C.A., 1947, 41, 4248). The importance of calcium salts in water 
for cooking food, has been stressed by Derstroff (Umschau, 1940, 
44, 696, cited from C.A'., 1942, 36, 6210) who points out that 
calcium prevents nutrients being leached out, prevents oxidation 
of ascorbic acid, and the “decomposition” of proteins, and 
"preserves the flavour and appearance of vegetables and fruits. 
The use of calcium salts in water, used for cooking vegetables, 
has recently been advocated as a measure for enriching the calci um 
content of vegetables {C.A... 1946, 40, 7439). 

The thiamin content of calcured rice is on an average 2-3 
micrograms per gram of the cereal. The thiamin value can no 
d 9 »bt be increased by soaking for a longer period but tins woiil.4 
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adversely affect the appearance of the calcured rice. The loss 
in thiamin on washing calcured rice is 4 to 5% as compared with 
the 8% loss sustained by parboiled rice and 60% by raw polished 
rice. 

It was noticed that calcured rice was much less susceptible 
to insect attack than parboiled rice or raw rice. Comparative 
tests were carried out by Seshagiri Rao, D., of the Food Depart¬ 
ment, Mysore Government, employing the rice weevil, tribolium 
and rhizopertha, and he concluded that “ Calcured rice is far 
less susceptible to insect attack than either ordinary raw (under¬ 
polished) or parboiled rice. Calcured rice is also an unfavour¬ 
able medium for the development of weevils. Weevils show 
marked preference for raw and parboiled rice than for calcured 
rice, if samples of all the varieties are equally accessible to them”. 
These findings are now being confirmed by more experimental 
work. It is not clear yet, how the calcium modifies the rice to 
make it less susceptible to insect attack. It may however be 
pointed that chalk is used to ward off insect attack on rice. 
deOng {J. Econ. EntomoL, 1935, 27. 1131) points out that 1% 
chalk not only protects rice from insect atktac but also helps in 
the retention of fiavour. 

Attempts to use dielectric heating in the curing of rice have 
yielded interesting results (Sanjiva Rao, B., and Subramanya, 
R. S., unpublished work). The use of dielectric heating for 
drying cured paddy is not economically practicable. Dielectric 
heating however, has been found to be very advantageous in the 
gelatinisation of the starch because of the greater uniformity in 
heating that it readily provides and of the greater fixation of thiamin 
in the endosperm when dielectric heating is employed. In small 
scale experiments, 2-7 micrograms of thiamin per gram of rice 
were fixed while ordinary heat treatment under identical condi¬ 
tions yielded calcured rice having 2-3 micrograms of thiamin 
per gram. Further work is in progress. 

The question may now be considered; What is the best form 
in which rice can be supplied to the consumer? The Rice Study 
Group of the FAO has recommended that “ a large percentage of 
the rice supply should be parboiled since such rice keeps in good 
condition for longer periods”; and that “the consumption of 
parboiled rice or rice treated by similar methods and having 
higher nutritive value should be encouraged by governments, 
since such rice has distinct advantages over lightly milled or hand- 
pounded rice ”. In India nearly 60% of the rice consumed seems 
to be in the parboiled form, but parboiled rice is not at all popular 
in several Asian countries. The characteristic odour and the 
taste of parboiled rice are objected to. No doubt, many people 
accustomed to raw rice have during the present shortage of this 
cereal, changed over to parboiled rice. But it is debatable how 
far the change-over is of a lasting character. On the occasion 
of the award of the Perkin Medal to him, R. R. Williams recently 



proceedings 35th tS.C.: Part it: Presidential Addresses 

said “Humans will normally eat what they like and raise hell if 
deprived of it To illustrate how diflEicult it is to change dietary 
habits, he drew attention to the avidity with which Englishmen 
nowadays, eat white bread on board ships taking them to America. 
Williams points out “Use of undermilled or brown rice is 
already a dead letter in areas where white rice is available in 
competition {Discovery, April 1947.) 

Williams advocates mixing with raw polished rice, prior 
to its cooking,.a small quantity of specially treated rice, very rich 
in vitamins. Until India is in a position to manufacture the 
synthetic vitamins used in fortification of rice, this method of 
rectifying the nutritional defects of raw polished rice is scarcely 
to be commended. The proper solution seems to be a process 
which renders parboiled rice more attractive in appearance and 
in flavour. As pointed out by the Rice Study Group: “There 
is an urgent need for well-organised and international technical 
co-operation for securing improvement of the methods of par¬ 
boiling rice. An international body should extend research 

work on the methods of premilling'rice treatment and should 
issue an authoritative report on the relative merits of various 
processes ”. 


Pvint«d»t Th# BftnjlAlorA Presst CitVi bY Srinivmna Rao. Superintandent* 
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ABSTRACTS 


Inorganic Chemistry 

1. Nature of chemical bond—^Part 1. Ionic character and 
nuclear charges. 

S. K. K. .Tatkar and S. N. Gopalaswamy (Bangalore) 

In the discussion of the ionic character of the chmical bond, the dipole 
moments of the hydrogen halide molecules have played an important part. 
The dipole moments of HI, HBr and HCl have been used as the basis of several 
complex and empirical relationships between Uhe electronegativity and ionic 
character. It has been found that the ionic character of a bond A-B is simply 

given by ^ where is the nuclear charge of the hydrogen atom 

and Zj, the nuclear charge of the other atom and n has the values of 6, 5 
3, 2 and 1, etc. 


2. Nature of chemical bond—^Part II. Bond energy and ionic 
character. 


S. K, K. Jatkar and (Miss) S. B. Kulkarni (Bangalore) 


Although the partial ionic character of a chemical has been the accepted 
basis of the nature of the Chemical Bond, the energy due to extra ionic 
nature, has been erroneously calculated by Pauling by postulating a resonance 
between covalent and ionic structure even in diatomic molecules and a set 
of electronegativity tables have been constructed which have recently been 
improved upon by Bice, Gordy and others. It has been found that if iih&partial 
covalent bond energy is taken into account the balance of the binding energy 
is equal to e^jy times the ionic character where e^jy is the Coulomb energy. 
The covalent bond energy can also be calculated by the equation of the type 


Vh (n +2) y 


X — where */n (n+2) is the spin factor of the valence electrons. 


3. The dielectric constant and the dipole moment of mercurous 
chloride and vanadium pentoxide. 

S* K. K. Jatkar and S. N. Gopalaswamy (Bangalore) 

The dielectric constant of mercurous chloride as determined by the 
temperature method is found to agree very well with that measured by the 
mixture method for solids. The dipole moment as calculated by the new 
equation is 1 -SSD, while mercuric chloride in dioxane solution gives moment 



2 


Proceedings 35th LS.C.: Part III: Abstracts 

of 1 *14. The ionic character of the bonds in these two chlorides as well as 
in mercuric bromide and mercuric iodide has been compared and discussed 
in the light of the nuclear charges of the bonded atoms. The dielectric con¬ 
stant of mercurous chloride shows a tendency to decrease with increasing 
temperature (11*65 at 30° C. and 11*40 at 70° C.). Vanadium pentoxide 
has a dielectric constant of about 27 at 30°. 


4. The electric CJurie temperature. 

S. K. K. Jatkar and B. R. Y. Iyengar (Bangalore) 


Analogous to the introduction of a Curie temperature in paramagnetics, 
the ferroelectric substances like rochelle salt and titanates show a charac¬ 
teristic temperature Thus the most general equation, derived previously 
connecting the dielectric constant and dipole moment now becomes 

(e — « 2 ) paramagnetism the characteristic 

temperature is attributed to a “ molecular field effect For a dipolar 
molecule, Q signifies the temperature above which it has sufficient energy to 
orientate in an electric field. The introduction of 0, successfully explains the 


temperature coefficients of the dielectric constants of a number of polar liquids 
and solids. Tne studies reveal that in associated compounds $ tz M.P., and 
in crystaline solids 9 = transition temperature. As in the magnetic case, 
for a polar substance dissolved in a normal or non polar liquid (Le., 9=0) 
9 gradually diminishes with dilution to zero. 


5. Dielectric constant of titanates, rochelle salt. etc. 

S. K. K. Jatkar and B. R. Y. Iyengar (Bangalore) 


The introduction of a characteristic temperature corresponding to the 
observed temperature of transition from a low, to a peak value of dielectric 
constant quantitatively accounts for the dielectric constant and its temperature 
coeflScients, of ferroelectiic substances like rochelle salt, barium titanate, etc. 


The moments (ju) calculated by the equation («—inva¬ 
riant with temperature and their magnitude is conclusive of the fact that the 


molecules in the lattice are associated with definite and characteristic dipole 
moments arising out of their orientation, in an electric field. For rochele 
salt the moment obtained by applying the equations implicitly to both the 
observed Curie points (— 15° and 22°) is the same (2-5D) while in TiOg and 
BaOTiOa the moments calculated for the hi^ transition is the co-ordination 
number times the moment at the lower transition. The same is true of silica. 


6. Reactions of Hyponitrites—^Part III. Estimation of hypo- 
nitrite, nitrite and nitrate in presence of each other, 

T. M. OzA and N. L. Dipali (Ahmedabad and Dharwar) 

The behaviour of sodium hyponitrite alone and in admixture with sodium 
nitrite, in the solid state and in solution, to several reagents has been investi¬ 
gated. It is found that (i) sodium hyponitrite behaves like sodium carbonate 
in titrations with standard mineral acids at and about 0° C. the two distinct 
stages being manifested, one with phenolphthalein and the other with methyl 
orange as indicator;^ the first stage corresponding with the hydrohyponitrite 
stage; (ii) carbon dioxide converts solid sodium hyponitrite, quantitatively, 
into sodium carbonate so that sodium nitrite in admixture with sodium 
l^onitrite can *be estimated by the usual methods after converting 
the sodium hyponitrite into sodium carbonate; (iii) sodium hyponitrite in 
solution almost completely decomposed on boiling the solution without 
forming any nitrite or nitrate so that a solution containing the two salts 
lends itself to the usual methods of estimating its nitrite content after 
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boiling; (iv) silver nitrite is much more soluble than silver hyponitrite and 
the former can be removed from its admixture with the latter from a freshly 
made precipitate of the two without very seriously impairing the amount of 
the latter. The silver hyponitrite left may then be dissolved out in dil. HNO., 
and titrated with standard sulphocyanide using ferric alum as indicator 
(Oza and Walawalkar, /. Ind, Chem. Soc., Ind. and News Edition, 1946, 9, 57). 

Nitrate in admixture with nitrite and hyponitrite can be estimated by 
destroying the hyponitrite either by boiling or.by treatment with sulphuric 
acid of appropriate strength [Oza, Dipali and Walawalkar, /. Univ. Bom., 
1945, 14, (3), 27]. 

7. Preparation of Nitrites of alkali and alkaline earth metals. 

T. M. Oza and N. L. Dipali (Ahmedabad and Dharwar) 

f 

The method of preparing nitrite of a metal by double decomposition 
between silver nitrite and chloride of the metal has been rendered convenient 
by carrying out the reaction in a strongly amraoniacal solution in which silver 
nitrite dissolves freely. As no evaporation of a large bulk of the solution is 
required for recovering the nitrite from the solution, the nitrite obtained is 
quite pure and contains not even a trace of nitrate as impurity. 

8. The thermal Decomposition of Magnesium nitrite. 

T. M. Oza and N. L. Dipali (Ahmedabad and Dharwar) 

Pure magnesium nitrite has been prepared and its thermal decomposition 
studied with a view to throw light on the mechanism of the reactions occurring 
and compare them with those occurring in the decomposition of alkali nitrites. 
A quantitative study has been made of the gaseous products and the solid 
residue left when the reactions are carried out with (i) same mass heated for 
the same period of time at varying temperatures; (ii) varying masses heated 
for the same period of time at a constant temperature and; (iii) same mass 
heated at a constant temperature for varying periods of time. 

Ma^esium nitrite has been selected for the study to avoid, as far as 
possible, the complications brought about by reactions depending upon 
high temperature, as magnesium nitrite is known to decompose at compa¬ 
ratively low temperatures. It has been found that temperature is the con¬ 
trolling factor in deciding which of the two equations assigned by Ray and 
Ganguli applies. It has also been found that, in any case, the reactions 
proceed in stages and the equations of Ray and Ganguli are but the net 
result of the four simultaneously occurring reactions found by Oza 
(/. Ind. Chem. Soc., 1945, 22, 173) and Oza and Walawalkar (/. Ind. Chem. 
Soc., 1945, 22, 243) taking place in the decomposition of alkali nitrites. 

9. Electro-chemical preparation of Sodium hydrosulphite. 

C. C, Patel, J. C. Ghosh and M. R. A. Rao (Bangalore) 

Sodium bisulphite solution has been subjected to electrolytic reduction 
in an inert atmosphere using a mercury cathode and a platinum anode. The 
anolyte consists of a saturated solution of sodium bicarbonate separated from 
the catholyte by a porous pot diaphragm. Employing a concentrated solu¬ 
tion of sodium bisulphite (30%) at 8° C.~10° C., a maximum concentration of 
10 *6% of hydrosulphite has been obtained with an average current efficiency 
of 70% (C.D. 2*6 amps./sq.d.m.). The concentration of the hydrosulphite 
cannot be increased further, due to the formation of thiosulphate. Mainte¬ 
nance of a low temperature (8° C. to 10° C.) and a suitable pH range of the 
catholyte (between 5 and 6) helps hydrosulphite production. Sodium silicate 
and formaldehyde retard the production of hydrosulphite, while nekal BX 
has no effect. A small quantity of zinc in mercury promotes the formation 
of hydrosulphitc. 
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10. Estimation of Sodium hydrosulphite in presence of Sodium 

bisulphite. 

C. C. Patel and M. R. A. Rao (Bangalore) 

The influence of sodium bisulphite on the estimation of sodium hydro- 
sulphite was investigated employing the following four methods of analysis: 

(i) Potassium ferricyanide method (both colorometrically and potentio- 

metrically), 

(ii) Indigo carmine method, 

(iii) Ammoniacal copper sulphate method, and 

(iv) Ammoniacail silver nitrate method (potentiometrically). 

The increase in the analytical values of hydrosulphite when it is conta- 
mainated with sodium bisulphite, amounts to more than 50% in the first two 
methods while in the latter two, it amounts to about 10%, depending on the 
amount of the bisulphite present. However, when bisulphite is absent, the 
ferricyanide method is to be preferred on account of its simplicity, while the 
cuproammonium sulphate method can be adopted in presence of bisulphite 
as readings can easily be taken. In the latter case, a correction factor has to 
be applied, which depends on the amount of bisulphite present. 

11. Preparation of Sodium hydrosulphite by the reduction of 

Sodium bisulphite with Sodium amalgam. 

C. C. Patel and M. R. A. Rao (Bangalore) 

Sodium hydrosulphite has been prepared by the reduction of sodium 
bisulphite by sodium amalgam in an inert atmosphere. The formation of 
hydrosulphite is maximum when the temperature is maintained at 30° C, and 
the pH of the bisulphite solution is kept between 5 and 6. The percentage 
of hydrosulphite increases with the diminution of sodium content in the 
amalgam and the use of high concentrations of bisulphite (10%-20%). The 
maximum efficiency of reduction (on the basis of sodium in the amalgam) 
happens to be 66% when the reduction of a 10% solution of bisulphite having 
a pH of 5 -3 is carried out at 30° C, employing a concentration of 0 *03% 
somum in the amalgam, 

12. Kinetics of the gaseous reaction between hydrogen sulphide 

and sulphur dioxide in presence of catalysts. 

B- Sanjiva Rao and A. R. Vasudeva Murthy (Bangalore) 

Certain sulphides, in presence of a small amount of moisture, catalyse 
the reaction between hydrogen suphide and sulphur dioxide (c/. B. S. Rao, 
Cwrr. Set, 1943, 12, 323). The kinetics of this reaction was studied in a 
closed system using an all-glass circulation pump. The partial pressure of 
water in the reaction system was maintained constant with the aid of suitable 
hygrostats. The reaction was bimolecular. The higher the partial pressure 
of water in the reaction mixture, the greater was the velocity of reaction for 
a given catalyst. Of the suphides employed, cobalt thiomolybdate was found 
to be the best catalyst. Cobalt sulphide and molybdenum sulphide were 
less efficient. Next in order of efficiency was silver sulphide. The mechanism 
of the reaction is explained on the basis of formation of thiosulphurous acid 
as the primary product. 

13. Catalytic Decomposition of Hydrogen Persulphide Vapour 

by Silver Sulphide. 

A. R. Vasudeva Murthy and B. Sanjtva Rao (Bangalore) 

Sflver sulphi^ is known to catalyse the reaction between (a) hydrogen 
sulphide and sulphur dioxide and (6) hydrogen sulphide and sulphur monoxide 
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(and its dimer) (B. S. Rao, Curr, ScL, 1943, 12, 322; B. S. Rao and M. R. A. 
Rao, ibid., 1943,12, 323). It has been found that silver sulphide also catalyses 
the decomposition of hydrogen persulphide vapour. The significance of this 
catalytic reaction is discussed in relation to the catalytic effect of the sulphide 
on the reaction between hydrogen sulphide and sulphur dioxide. 

14. Reaction between Hydrogen Sulphide and Chloramine-T in 

Aqueous Solution. 

B. Sanjtiva Rao and A. R. Vasudeva Murthy (Bangalore) 

When hydrogen sulphide is oxidised by chloramine-T in aqueous solution, 
part of the sulphide is oxidised to sulphur (Reaction A) and the rest to sul¬ 
phate (Reaction B). The relative proportion of these two products of oxida¬ 
tion depends on the pH of the solution and the presence of certain catalysts. 
In highly acid solutions the hydrogen sulphide is completely oxidised to sul¬ 
phate. At pH 0 -65, B/A is 16 *6; at pH 4 ‘7, 8 *6; at pH 7, 1 -6; at pH 9 *2, 
0 *83 ; and at pH 12, 0*02. Molybdic acid catalyses the oxidation to sulphate, 
while brucine, osmic acid and tungstic acid retard such oxidation. The 
results are explained on the basis that hydrogen sulphoxide is the primary 
product of oxidation of hydrogen sulphide and undergoes two simultaneous 
reactions:— (a) decomposition into water and sulphur, and (b) oxidation to 
sulphate. 

15. The Influence of pH on the Oxidation of Hydrogen Sulphide 

by Potassium lodate. 

A. R. Vasudeva Murthy and B. Sanjiva Rao (Bangalore) 

The oxidation of hydrogen sulphide by potassium iodate was studied 
in buffer solutions, varying in pH from 7 to 12. Part of the hydrogen sulphide 
is oxidised to sulphur (Reaction A) and the rest to sulphate (Reaction B). 
At pH 7, B/A is 2, but the addition of a little potassium iodide, lowers the 
value to 0-25, With an increase in pH, the production of sulphate is consi¬ 
derably reduced, B/A dropping to 0*33 at pH 11*7. Molybdic acid which 
catalysed the oxidation -of hydrogen sulphide to sulphate by^ chloramine-T, 
diminished sulphate production in the case of iodate. Brucine and ^ osmic 
acid had the same effect as in the case of chloramine-T—they diminished 
sulphate production. The mechanism of the oxidation is discussed. 


16. Niobotartrates. 

N. R. Srinivasan (Bangalore) 

The complex compounds of Niobium with organic acids have been 
investigated. It has been found that tartaric acid dissolves freshly precipi¬ 
tated niobic acid resulting in the formation of a Metaniobotartaric acid 
(Srinivasan, Curr, ScL, 1947, 16, 60). Some alkali niobotartrates have been 
prepared. Sodium and potassium niobotartrates have been prepared by 
reacting definite alkali niobates with calculated amounts of tartaric acid and 
crystallising them from water or with the addition of alcohol. They are 
obtained as white compounds with crystalline lustre. Their aqueous solutions 
are hydrolysed by mineral acids with the precipitation of niobic acid, whereas 
alkalies and ammonia do not cause any precipitation. A suitable method 
of analysis has been devised to determine the stoichiometric composition of 
the complex compounds. The following compounds have been isolated; 

Na2O*NbaO6-(QH4O5)2*10 HaO. 

NaaO -NbaOs •(QHA)^ *6 HjO. 

KjO -NbaOs •(C4H40 s) 2 • 10 HaO. 

KaO-NbaOs <0^05)2-6 HaO. 

.Physico-chemical measurements have been made with a view to elucidate 
their structure. 
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17. Studies on the formation of the complex compounds of 

potassium chloride and mercuric chloride—^Part V. 

L. N. Srivastava (Lucknow) 

Further evidence from the e.m.f. measurements has been adduced in 
support of the formation of complex compounds in a mixture of potassium 
chloride and mercuric chloride solutions as reported earlier (Proc, Ind. Sci, 
Congress, 1947). The breaks in the curve correspond exactly with those 
obtained in the graphs for other physico-chemical properties, e,g,t density, 
viscosity and conductivity, etc. 

18. Two Modifications of Copper N-Diethylbiguanide. 
Priyadaranjan Ray and Nripendra Nath Ghosh (Calcutta) 

Two varieties of copper N-diethylbiguanide, red and blue-violet, have 
been prepared, besides a number of salts of the complex base, chloride, 
hydroxo-chloride, bromide, iodide, sulphate and nitrate. From a study of 
the properties and reactions of the two modifications of the base, they have 
been represented as cis-trans isomers of a planar penetration complex with 
dsp2 hybrid bonds. Among the salts of the base, only the chloride has been 
found to give some indication of occurring in two forms, which, however, 
could not be isolated in the pure state. 

19. The Semi-polar Single Bond—^Part L 

S. S. Ahmad (Aligarh) 

Existing anomalies in the electronic theory of valency are discussed. An 
attempt is made to explain these anomalies on the basis of the semi-polar 
single bond mentioned earlier by Ingold. 

20. The Semi-polar Single Bond-Part II. Boron Hydrides. 

S. S. Ahmad and S. M. Ali Naqvi (Aligarh) 

Various hypotheses put forward to explain the electronic structure of 
the boron hydrides are examined. An attempt is made to explain the 
structure on the basis of the concept of the semi-polar single bond. The 
configuration of the molecule of diborane is theoretically deduced. 


Physical Chemistry 

21. Formation of complex compounds between lead nitrate and 
alkali nitrates—^Part IV. 

M. R. Nayar and C. S. Pande (Lucknow) 

In Mper we describe the results obtained with two systems: 

(1) Lecm nitrat€'’Sodium nitrate-water : where there is no indication of 

formation of any complex compound, and 

(2) Silver nitrate-potassium nitrate-water : in which a complex com- 

pound is defimtely known to be produced 

,n<t ® first system were viscosity 

and conductivity, and in the other system were viscosity and E.M F In the 

sodium nitrate system, when these different values are plotted against the 
concentiation of lead nitrate, all the plots are regular. inSng C Se 
tendency for wmplex fomation is practically nil, while in the AgNO« system 
^ere is one bre^ at which the molecular ratio between KNO, and^AaNO 
KNoTAg^^^^^^ correspond to TlJe cor^ffl 
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The differences in the results obtained with the two systems examined 
enable us to say definitely that the methods of procedure followed by us are 
such as to reveal the formation or otherwise of complex compounds in solu¬ 
tion, and that in the case of positive results, the formula of the compound 
produced can be directly read from the graph. 


22. Formation of complex compounds between lead nitrate and 
alkali nitrates—Part V. E.M.F. Measurements. 

M. R. Nayar and C. S. Pande (Lucknow) 


In continuation of the previous work (Nayar and Pande, Ind. Set Cong, 
Abst., 1947, 19, 4), we have now sought to obtain additional evidence for 
the formation of complex compounds from E.M.F. measurements. The two 
systems: KNOs-Pb (N 03 ) 2 -H 20 and NH 4 N 03 -Pb (N 03 ) 2 -H 20 were studied. 
A set of 25 solutions was prepared in which the concentration of alkali 
nitrate was kept constant, viz,, (1/3 M.), while that of lead nitrate varied 
systematically from 0 -0 M. to 2/3 M. E.M.F. measurements were made by 
using the following type of cells. 


Pb 


Pb (N 03)2 
Alkali. NO 3 


Satd. 
KNO3 or 
NH4NO8 


HgaCla 

in 

KCl (N.) 


Hg 


For purposes of comparison, the values obtained with lead nitrate alone, 
in the absence of alkali nitrates were also determined. When the E.M.F. 
values are plotted against the concentration of lead nitrate, three breaks are 
obtained in each of the two systems. The molecular ratios between the con¬ 
centration of the constituents at these points correspond to three complexes 
as noticed before, viz,, (a) 4 KN 08 . Pb (N03)2, (b) 2 KN 03 .Pb and 

(c) KNOa-Pb (N03)a in the system: KNOg-Pb (NQ 3 ) 2 -H 20 , and 
(a) 4NH4N03.Pb(N03)2, (b) 2NH4NO3. Pb(N03)2 and (c) NH4NO3. Pb(N03)2 
in the system: NH 4 N 03 -Pb (N 03 ) 2 -H 20 . 


23. Formation of complex compounds between lead nitrate and 
alkali nitrates—Part VI (Transport number measurements). 

M. R. Nayar and C. S. Pande (Lucknow) 

In the earlier parts of this series enou^ experimental evidence has been 
adduced to indicate the probable existence of three compounds in each of the 
two systems: KNOg-Pb (N 03 ) 2 -H 20 and NH 4 N 03 -Pb (N 03 ) 2 -H 20 . At¬ 
tempts to isolate these compounds in the solid state failed, as they resulted 
in their decomposition into the constituent salts on crystallisation. Then the 
alternative was to investigate them while the substances were still in solution. 
The centre of interest was Pb ion, and in order to have a more quantitative 
idea of its behaviour the transport number of the ion was studied in lead 
nitrate solution under different conditions, i.e., in the presence and absence 
of alkali nitrate. For purposes of comparison we record similar values 
obtained for Ag ion in the well-known system: KN 03 ~AgN 03 -H 20 . 

The results obtained with the experiments on transport number indicate:— 

( 1 ) significant variation in the values for Pb ion in presence of KNO3. 

or NH4NO3; 

( 2 ) three different orders of magnitude in the values corresponding to 

the three different complexes assumed .to exist in solution, while 

(3) the values for Ag ion in presence of KNO 3 shows a very sharp change 

for a ratio of molecular concentrations 1 : 1 , but no sign^cant 
change for any further increase in the conen. of alkali nitrate, 
signifying that we are dealing with only one complex compound; 
and on the other hand. 
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(4) sodium nitrate a-ffects the transport number of Pb ion to some extent 
showing a slight tendency for the formation of complexes, but 
no stoichiometric relations have been observed. 

24. Dissolution of mercury in nitric acid—A kinetic stud y. 

A. N. Kappanna and K. M. JosHi (Nagpur) 

The rate of dissolution of mercury in nitric acid has been studied. The 
rate depends upon the conditions of experiment. When the nitric acid is 
kept stirred and mercury added to it, it is found that there is no reaction at 
all for a while. This period of no-reaction (i) diminishes with increase in 
concentration of nitric acid and (2) increases with the rate of stirring when 
concentration of acid is kept constant. It has been found that the addition 
of nitrous acid initially to nitric acid diminishes this period of inertia, while 
mercurous ion exerts no influence. 

25. Redox Potentials of Chloramine-T: Sulphonamide Systems. 
A. R. Vasudeva Murthy and B. Sanjiva Rao (Bangalore) 

The redox potentials of chloramine-T, sulphonamide systems have been 
naeasured in presence of suitable buffers. It is found that the potential dimi¬ 
nishes as the pH rises. The fall in potential has been correlated with the 
increase in solubility of the sulphonamide, consequent on the rise in pH. 

26. The ternary system silver oxide—Periodic acid—Water at 

35® C. 

P. J3. Ganguly and P. p. Gyani (Patna) 

The ternary system AgaO—Periodic acid—HoO has been studied at 35° C. 
Two solid phases of compositions 5 AgaO-IgOy^and 2 AggO-IgO?'HaO have 
been shown to exist. They have also been isolated in the pure state and their 
composition studied. The compound 2 AggO -HaO is stable only in 
presence of excess of periodic acid and is decomposed by pure water with 
the separation of the compound 5 AggO -laO?. 

27. The surface properties of rubber hydrocarbon. 

N. H. SIVARAMAKRISHNAN, M. R. A. Rao and J. C, Ghosh 
(Bangalore) 

Rubber hydrocarbon has been purified by (1) fractional precipitation 
making use of solutions of crepe rubber in benzene, using alcohol as the 
precipitant, (2) alkali purification of ammoniated latex and (3) autoclave 
purification of the ammoniated latex. The purified samples of the rubber 
hydrocarbon were dissolved in benzene, chloroform, and carbon tetrachlo¬ 
ride and the spreading property of the rubber hydrocarbon studied by employ¬ 
ing the Langmuir-Adam trougli technique. Stable films of rubber hydro¬ 
carbon were obtained with benzene and chloroform solutions while with 
carbon tetrachloride the films were not stable. 

It has been found that for a given liquid, the dilution of the rubber solu- 
^n increases the spreading power giving a limiting value at high dilutions 
The limiting value for the thickness of the film for a given sample of rubber 
is also a function of the nature of the solvent employed. Chloroform solutions 

as those from the benzene solutions 
(700 A). The rubber hydrocarbon when spread over aqueous potassium 
permanganate, shows an increase in area with time. When a sample of 
cWoT^ted rubber is employed for spreading, it is observed that the thickness 
of this fita IS about one-tenth (70 A) of that observed with pure rubber 
hyorocatbon. 
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28. Kinetics of hydrolysis of rf-malo-lactonic acid. 

J. C. Ghosh and M. S. Muthanna (Bangalore) 

The kinetics of the hydrolysis of c^-malolactonic acid in acid and in 
alkaline media and the effect of silver oxide on the hydrolysis of the lactonic 
acid and its rotational changes, have been studied. Dilute acid hydrolysis 
of the lactonic acid is comparatively slow and follows a bimolecular course 
leading to the formation of 1 -malic acid, while alkaftne hydrolysis is mono- 
molecular, the malic acid formed retaining the configuration of the lactone. 
Hydrolysis with silver oxide of varying concentrations gives malic acid of the 
same sign of rotation as the lactone, contrary to its action on 1 -bromo- 
succinic acid where different concentrations of silver oxide produce malic 
acid having different and even opposite sign of rotation with respect to 
l-bromo-succinic acid. 

Kinetics of the hydrolysis of bromo-succinic acid with various bases has 
been studied at different hydrogen-ion concentrations. The results are as 
follows: 

(1) At a given pH the monomolecular velocity constant (1 -2 x 10”3) 

remains constant. 

( 2 ) Monomolecular velocity constant increases linearly with an increas 

in pH. 

(3) For pH not exceeding 9 * 6 , the hydrolysis of bromo-succinic acid 

leads predominantly to the formation of malolactonic acid. 

29. Influence of gases on the contact angle at mineral surfaces. 

R. Vbnkatadas. J. C. Ghosh and M. R. A. Rao (Bangalore) 

It is generally believed that the nature of a gas has no effect on the contact 
angle at polished mineral surfaces. Investigations carried out in this labora¬ 
tory show that the contact angle in some cases is a function of the gas also. 
Determination of the contact angle by the projection microscopic method 
indicated that the calcite surface gave a zero contact angle both with air and 
with carbon dioxide when the mineral was immersed under distilled water. 
When the mineral surface however, was allowed to remain in contact with a 
mixture of sodium oleate ( 0 * 02 %) and sodium carbonate ( 0 * 01 %) the contact 
angle with air was 0® while with carbon dioxide it was 90®. Similar experi¬ 
ments with Whitherite, Strontionite, Siderite and Cerussite showed a definite 
difference (over 40®) between the contact angles with air and with carbon 
dioxide when the minerals were treated with a mixture of sodium oleate and 
sodium carbpnate. Similarly with sulphide minerals a difference in contact 
angle was observed between air and hydrogen sulphide in presence of a mixture 
of sodium ethyl xanthate and sodium hydroxide. 

30. Nickel—^Thoria—Kieselguhr (100 :18 :100) Catalyst for the 

Fischer-Tropsch Reaction. 

J. C. Ghosh, N. G. Basak and G. N. Baoami (Bangalore) 

The Nickel—Thoria—Kieselguhr (100 ; 18 : 100) catalyst, developed in 
this laboratory, can be used industrially under certain conditions. 

The catalyst is prepared by precipitation of the two carbonates (from 
nitrates) by ammonium carbonate in presence of carbon dioxide in excess. 
The catalyst on filtration is dried at 1 10° C. and then reduced at 500® C. in 
a current of pure hydrogen (electrolytic). 

The catalyst thus prepared, yields at 195° C. and at atmospheric pressure 
147*5 gm. of liquid and gaseous hydrocarbons (excluding methane) per cubic 
metre of synthesis gas (CO : H 2 as 1:2) with a space velocity of 196 * 60 . 0 . 
of gas per c.c. of catalyst per hour which compares well with that used in 
industrial practice. 
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31. Symmetry values of clay salts of silicate minerals, 

S. K. Mukherjee and A. Ganguli (Calcutta) 

Symmetry values of a number of colloidal salts prepared from the clay 
fraction of montniorillonite, mica, illite, and asbestos have been determined 
against various electrolytes. The orders of the replacement of cations follow 
in general the lyotrope series with several maiked discrepancies. In this res¬ 
pect the behaviour of K+ ion in the mica systems is interesting. It is held 
fast against added Ba++ and Ca++ which are higlily adsorbable, and conversely 
also it displaces these cations easily from their mica salts. The crystal lattice 
of mica in which K+ ion fits in' well as an integral constituent is probably 
responsible for this behaviour of K+ ion. The few determirations of symmetry 
values with the colloidal salts of asbestos, which have not been hitherto 
studied from this point of view, show that the cation exchange is similar to 
that of other minerals. Occasional departures from the lyotrope series have 
been observed in bentonites and illites and the effect of pH is being investigated. 

32. Conditions of equilibrium in cation and anion exchange 

resins. 

S. K. Mukherjee and S. L. Gupta (Calcutta) 

Ion exchange reactions with a cation exchanger (resorcinol-formaldehyde 
condensation product) and an anion exchanger (w-phenylene diamine-formal¬ 
dehyde ^ condensation product) have been studied to determine the mechanism 
underlying them. The cation exchange resin showed at first a highly variable 
exchange capacity which was measured by leaching with N-BaAcg and 
N-AmAc solutions according to the methods of Parker and Schollenberger 
applicable to soils and clays. On prolonged treatment with salt and acid 
solutions the exchange capacity gradually attained a high and almost constant 
value. It is likely that the process of condensation did not attain equilibrium 
under the conditions of its preparation. The anion exchange resin was 
prepared under more favourable conditions and it was observed that the 
exchange capacity of this resin determined by estimating the amount of SO 4 •» 
ion adsorbed from a sulphuric acid solution was more or less constant. In 
both the resins, however, the attainment of equilibrium requires a long time 
of contact (10 to 30 days) with the leaching solutions and the exchange is 
stoichiometric. 

33. Nature of the exchangeable Hydrogen in Clay Minerals as 

revealed by Moisture Data. 

S. K. Mukherjee and A. Ganguli (Calcutta) 

Electrochemical studies of the interaction between hydrogen clays and 
clay minerals and electrolytes have demonstrated the different levels of 
reactivity of hydrogen ions present in an exchangeable form in the double 
layer of the colloidal particles. From the loss of moisture on ignition from 
oven-dry samples of hydrogen mica, hydrogen kaolinite and hydrogen 
bentonite when compared with loss of moisture under similar conditions from 
original samples (not converted into the hydrogen systems) it appears likely 
that the hydrogen ion is present in its hydrated form, i,e., H3O+ and not as 
H+; Taking for example, the mica system, the hydrogen mica will lose more 
moisture than the original sample due to the exchangeable hydrogen, the 
amount of which is known from the value of the base exchange capacity. 
The theoretical moisture loss from hydrogen mica can be calculated and is 
m close agreement with the observed value, if the hydrogen ion is assumed 
to be present as H 3 O+; whereas, if hydrogen ion is assumed to be present as H+ 
the theoretical value is much less than the observed one. Since mont- 
morillonite has a variable structure the calculations have been made in a 
Merent way. The “ molecular weight ” of the mineral has been calculated 
from moisture data, and compared with the accepted values. The agreement 
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is much closer when it is assumed that the exchangeable hydrogen ion is 
present as H80+. 

3 4, Catalytic cracking of kerosine oil. 

U. Sanjiv and S. S. Ghosh (Bangalore) 

Experiments on catalytic cracking of commercial fuel-oils, such as 
kerosine oil, were conducted on a laboratory scale with a view to study the 
economic possibilities of replacing the thermal cracking plant by a suitable 
catalytic cracking unit for supplying laboratory gas. The common Houdry 
type cracking catalysts were used. Three catalysts were used: (1) Fullers 
earth, (2) precipitated alumina and silica, and (3) Alumina and silica precipi¬ 
tated on Fullers earth. At 600° C., the best yield was obtained with cata¬ 
lyst (3). The gas had a high percentage of unsaturated hydrocarbons. 
Methane and hydrogen were also present in good amounts. The nature 
of the reactions is discussed. 

35. Production of the Joshi-Effect in Oxygen under Ultra-Violet. 
S. R. Mohanty (Benares) 

JoshUeffect Ai has been studied in oxygen under the ultra-violet. 
Purified oxygen was enclosed at 250 mm. in a Siemens* tube provided with a 
quartz window at one end. It was excited at different V in the range 2-5 kV 
of 50 cycles frequency, and irradiated in the end-on position, through the 
quartz window, with a quartz mercury vapour lamp and a 200 volt, 200 watt 
incandescent (glass) bulb. The effect is greater with the mercury lamp than 
with the (glass) bulb. When the short waves from the mercury lamp were 
cut off by the addition of glass plates over the quartz, Ai was reduced to a 
value sensibly similar to that obtained with the (glass) bulb. Thus e.g., at 
2*67 kV, the relative effect % At was 29 with the mercury lamp, 19 when the 
ultra-violet was cut off as indicated above, and 17 with the (glass) bulb. Since 
with a strong radiation, fluctuations in light-intensity do not alter appre¬ 
ciably Az, the relatively high values for Ai with the mercury lamp is attri¬ 
butable to the high frequencies in the radiations. 

36. Variation with Applied Potential and Gas Pressure of Joshi-- 
Effect in Oxygen under Semi-ozoniser excitation. 

S. R. Mohanty (Benares) 

Previous work on JoshUeffect in gases referred to excitation in Siemens’ 
tubes. The effect has now been observed in oxygen excited in wire-in-cylinder 
type of discharge tubes or semi-ozonisers. 

A semi-ozoniser with a central high tension wire of platinum was filled 
with oxygen in the pressure range 10-450 noun, Hg and excited at different V 
varied over 0*5-3 -0 kV of 50 cycles frequency. The current indicator was a 
reflection galvanometer actuated by a vacuo-junction. 

The ‘threshold potential’ V^ is sensibly a linear function of the gas 
pressure p ; this also applies to results in Siemens’ tubes. No effect is 
observed below V,,;. Above V,;,, the net effect Ai increases with V to a maxi¬ 
mum and then decreases. Thus e.g., at 150 mm., Ai was 1*00 at 0*93kV 
and increased to a maximum of 2 *66 at 1 -87 kV; further rise in V to 2 -67 kV 
decreased Az to 2*45. The relative effect % Az is maximum near V^ and 
decreases at higher V. Thus, at the above pressure, the maximum % Ai was 
50 at 0*93 kV and decreased to 15 at 2*67 kV. 

At constant z'd, the effect Ai increases with to a maximum and then 
decreases. Thus, for example, at 7, % Az increased from 9 at 50 mm. 
to 25 at 200 mm., and decreased to 21 at 450 mm. The variation with p of 
Ai in oxygen in Siemens’ tubes is similar (Mohanty and Kamath, IPhys. Sec, 
Abst, 1947, 15). 
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37 Influence of the Wall-material on the Potential Reversal of 
the JoshUEffect in the High Frequency (H.F.), Low 
Frequency (L.F.) and total (L.T.) conductivity in Chlorine 
under Silent Discharge. 

B. M. Shukla (Benares) 

In view of Joshi’s " activated layer ’ postulate, the study of the remarkable 
sensitivity of this phenomenon to changes of surface nature, revealed a 
potential reversal of Ai, from negative to positive and vice-versa both in ip 
and iaeriai, with a vacuo-junction as theicurrent detector. Double diode 
RCA, 6H6 and triode 30 were employed as detectors respectively. 

Using both the above detectors, the showed a pronounced — Ai as 
contrasted with the observation of reversal of Ai as a function of applied 
potential, with the vacuo-junction as the current detector. The observations 
in iaeriaU with the triode are similar to those obtained in ijjr ; with diode 
an inversion from ~ Ai to + Ai at 9-2kV, in accordance with the results 
obtained with the vacuo-junction as the current detector, was observed. . 

The above results indicate the possible role of H.F. components for the 
production of + Ai also. The use of the diode as bi-phase half-wave 
detector suggests the simultaneous occurrence of ± Ai, one associated with 
the upper and ^e other with the lower half of a cycle. 

38, Comparative Studies of the Joshi-Effect in Iodine with a 

Diode and other A.C, Detectors. 

S. N. Tewari (Benares) 

The marked dependence on the nature of the operative conditions and 
the current detector employed, of the magnitude of the above phenomenon 
Ai was emphasised by Joshi (1943, 1945 a). The present work reports its 
comparative study with a vacuo-junction, crystal detector and 83V double 
diode used as half wave rectifier. Siemens’ ozoniser filled with iodine gas 
and the walls coated with iodine was excited at 50 cycles frequency in the range 
500-1800 V. 

The * threshold potential ’ was found to be independent of the nature 
of the detectors used. Positive JoshUeffect ■+• Ai was invariably observed below 
In the inductive coupling of the detector diode the light-effect was 38% 
of fibe current in dark. Results obtained with a vacuo-junction and a crystal 
detector were similar but sensibly smaller in magnitude. In the resistive 
coupling of tihe diode % Ai was considerably reduced. The influence of R 
in suppressing % Ai was also observed with the vacuo-junction. The intro¬ 
duction of R in L. T. circuit of the ozoniser damps the H. F. oscillations 
considerably which are the chief seat of this phenomenon. 

The influence of R was markedly uniform under all conditions of excita¬ 
tion and free from apparently anomalous results observed when this pheno¬ 
menon is studied, using a triode and a pentode as detectors at large R and V. 

39. Production of Joshi-Effect in a Siemens’ Ozoniser Discharge 

at Large Chlorine Pressure. 

P. Mallikarjunappa (Benares) 

Previous work of Deo and Padmanabhulu, Deo and Urs in these laboratories, 
revealed that both the net effect A? and the relative effect % Ai decrease with 
toperature /. The effect also increases markedly with p, the gas pressure 
(Joshi and Deo, Nature^ 1944, 154, 343). The temperature influence on Ai 
is now studied at much larger gas pressure than used previously, viz*, 540 mra. 
The exciting potential is varied from 1-4 kV of 500 cycles frequency. The 
‘thre^old ’ potential decreases with t. At a constant V, the discharge 
current f, Ai, and % Az increase with t; the increase of i with t, is marked 
at large V. For example, at 2kV, in dark increased from 2*6 at 20® C. 
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to 3 ‘8 at 85® C. and the net effect Af, and % Ai were respectively 0 *4 and 
15 at 20® C., and 1 *5 and 40 at 85® C. The above results of the author are 
at variance with those of Deo and co-workers. The increase of Ai with t is 
ascribed to the enhanced interaction of the excited gas with the glass walls 
of the ozoniser. This suggestion is in accord with die observation that the 
effect, at a given is comparatively large when the gas is ‘ aged* at a higher t. 

The influence of light frequency was investigated on Ai, produced at 
potentials 1-4 kV and also in respect of its variation by ageing; that both 
Ai and % Ai are in the order: white> violet > green > red. 

40. Kinetics of the Time Variation of the JoshUEffect in Chlorine 

under Silent Discharge. 

M. V. Ramanamurti (Benares) 

The theory of the above effect Ai (Joshi, Phys, Sec,, Abst, 26; Ciirr. ScL,' 
1947, 16, 19) contemplates (i) formation of a boundary layer derived in part 
from adsorption of ions and excited molecules under the applied fields, when 
intense enough to break down the gas dielectrically (at V^^); and that (ii) photo¬ 
electric emission occurs from this boundary layer, under external irradiation, 
leading (iii) to the effect Ai (Joe, cit). Work in these laboratories has shown 
that (i) is frmdamental not only to the production of the Joshi-effect Ai but 
a number of other phenomena, e.g,, ‘ageing’, and the newly observed 
periodic effect in NaO-Hj interaction. Following Joshi’s observation on 
the pronounced influence on Ai of ageing i.e,, a time variation of the dis¬ 
charge current i and other quantities at a constant applied potential V, kinetic 
studies were made for Ai in freshly prepared discharge tubes. Results have 
been obtained for tubes of different sizes, and excited at various applied fields 
the gas pressure (adjusted to optimum Ai, by preliminary trials) was fixed 
at 200 mm. pressure. The current i was observed at regular intervals on a 
reflection galvanometer actuated by a diode. 

The JoshUeffect Ai was found to increase, progressively and become 
stationary after about five hours, depending upon the operative conditions. 
The curves Ai-time show a * first order ’ reaction. Since the stages (ii) and 
(iii) are instantaneous and fully reversible in respect of time and the exciting 
parameters, the above general result is. ascribed to the formation of the 
boundary layer in (i). 

41. Studies on Eiectrodeposition of Bronze from a Cyanide Bath* 

D. Singh and N. N. S. Siddhanta (Benares) 

Eiectrodeposition of bronze from a bath containing the cupro-cyanide 
stannate, cyanide and hydroxide of sodium was studied with respect to electro¬ 
lyte concentration, inter-electrode distance, duration of electrolysis, current 
density, temperature and addition agents. Optimum conditions for a satis¬ 
factory deposit on copper with respect to these factors are as follows:— 

Hecrolyte concentration should be such that the ratio copper to tin is 
1 :3. Otherwise, the deposit does not correspond to bronze in composition. 

Inter-electrode distance of 1 cm. to 2 cm. is favourable; at greater dis¬ 
tance iess tin is deposited, and the deposit is yellowish. 

Optimum duration of electrolysis is 15 to 20 minutes. Shorter duration 
gives a reddish deposit (copper in excess), longer duration resulting in a black¬ 
ly, less adherent and non-uniform deposit, due presumably to oxidation 
of copper. 

Optimum CD. is 0 *38 amps./dm.^ Lower C.D. gave a reddish deposit 
with Cu content. Hi^er C,D- gave a black burnt deposit. Cathode 
efficiency at opimum C.D. is 62*5%. 

Deposition was tried at temperatures ranging from 20® C. to 80® C. The 
yellowidi colour at low temperature changed to bri^t white at 50® C. to 60® C„ 
but turned black on further rise of temperature. 

Use of glycerol 0*5 to 2% gave a yellow deposit. 0*5 to 3% sodium 
chloride, 0*5 to 1% ammonium chloride, 0*5 to 3% sodium thiosulphate 



14 


Proceedings iSth LS,C.: Part III: Abstracts 

improved the quality of the deposit. Use of 0-5% to 3% hydrogen peroxide 
gave most satisfactory results with respect to mechanical strength, uniformity 
of tint and polish. 

42. A Study of some Physico-Chemical Factors in the Electro¬ 

deposition of Brass. 

D. Singh and P. C. Pradhan (Benares) 

A detailed study has been made of the optimum conditions for a smooth 
and adherent deposit of brass over a metal> v/z.,iron, from a bath con¬ 

taining copper sulphate, zinc sulphate, sodium cyanide and ammonium 
hydroxide. The influence on the quality of the dejjosit of the following 
factors has been studied inter alia: (i) bath concentration, (ii) inter-electrode 
distance, (iii) time, (iv) C.D., (v) temperature, and (vi) addition agents. 

At a given C.D., satisfactory deposits are obtained from a solution con¬ 
taining 90 gms./litre of copper sulphate and zinc sulphate in the ratio of copper 
: zinc 4 :1 within 20-60 minutes, after which the deposit is blackish and 
non-adherent, due presumably to copper oxidation. The pH of the solution 
is maintained at 10*5 ± 0-1 and the inter-clectrode distance 3 cm. Optimum 
C.D. is 2-3 amps./sq. ft. Further rise in C.D. makes the deposit spongy and 
“ burnt ”, due to rapid depletion of metallic ion round the cathode. Low 
C.D. gives no deposit, probably due to hydrogen discharge. The quality of 
the deposit improves with an increase in the temperature upto 45*^ C. At 
temperatures above 65® C., the deposit becomes black. Use of chlorides 
of sodium, potassium or ammonium improves the deposit. The presence of 
ammonium chloride in the bath prevents the precipitation of zinc hydroxide. 
Organic reagents like acetone, glycerol, ethyl alcohol do not improve the 
quality of the deposit. 

43. Formation of Formaldehyde during the Interaction of Carbon 

Monoxide and Hydrogen under Silent Electric Discharge— 
Part I. Influence of gas composition and the size of the 
ozoniser. 

R. H. Sahasrabudhey and A. Kalyanasundaram (Benares) 

Gas mixtures with varying proportions of carbon monoxide and hydrogen 
ran^ng from 1 :0 *5 to 1 : 3 were circulated. An excess of hydrogen favours 
the interaction of carbon monoxide and hydrogen. The yield of formaldehyde 
however,^ does not show a linear dependence on the proportion of hydrogen 
in the mixture or on the total reaction as indicated by the quantity of gas used 
up. The best yields of formaldehyde were obtained with gas mixtures in the 
range 1:0 *9-1:1 of carbon monoxide and hydrogen. The apparent increase 
in rate of reaction, when hydrogen is in excess, is undoubtedly due to secondary 
changes. 

With an increase in the length of the ozoniser, more of the gas mixture 
was found to react. A corresponding increase in formaldehyde production 
however, was not noticed, A yield of 3*8% of formaldehyde was obtained 
with a 1:1 *2 gas mixture at gas flow of 8 litres per minute. 

44. Formation of Formaldehyde during the Interaction of 

Carbon Monoxide and Hydrogen under Silent Electric 
Discharge—^Part II.—^Influence of rate of gas circulation 
and exciting potential. 

R. H. Sahasrabudhey and A. Kalyanasundaram (Benares) 

The observations reported in Part I suggested that an increased rate of 
gas flow might result in an increased yield of formaldehyde. The rate of 
drculation of the gaseous mixture was therefore, varied in the range 8-24 
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litres per minute. Contrary to expectations, the yield of formaldehyde 
decreased progressively with an increased rate of gas flow. This may be due 
to insufficient exposure of the gases to the exciting field or (ii) the inefficient 
absorption of formaldehyde by the absorbers. Investigations are in progress 
to elucidate these points. 

Influence of applied potential (V-V^) has been investigated. No reaction 
takes place below the threshold potential, At V^, it is very slow. The 
overall reaction velocity as judged from the relative quantities of the gas 
mixture used up in a given time, increases progressively with the applied 
potential, the yields of formaldehyde on the other hand diminish. Formal¬ 
dehyde formed as a primary product seems to decompose subsequently. 

45. An Electrochemical approach to crystal chemical studies— 

Part IL The ion-dipole interaction at the mica-water 
interface in relation to the principle of microscopic 
neutrality. 

R. P. Mitra and K. S. Rajagopalan (Delhi) 

When a muscovite -crystal is split along its potassium-bearing plane, the 

ions distribute themselves equally between the two parts. If attention is 
now directed to the ■ cleavage surface of one of the platelets, only one half of 
its exposed hexagonal rings of oxygens will be found to be occupied by K**" 
ions, the other half being vacant. There will be an accumulation of 0 *5 unit 
of (excess) posiive charge in the region of an occupied ring while a vacant 
one will have 0 *5 unit of negative charge located at its centre. The principle 
of microscopic neutrality will require that, an occupied ring be surrounded 
by vacant ones and v/ce versa in a statistical sense. In other words, positive 
and negative charges, each 0*5 unit in strength, will be distributed on the 
surface with contiguous centres of charge carrying dissimilar charges. In 
contact with water, the muscovite crystal will seek to get rid of these local 
concentrations of opposite charges by interaction with the water dipoles in 
a manner such that the exposed potassiums are pulled out of their hexagonal 
cavities, or rings and made to take up positions in between contiguously 
situated rings. Such a redistribution of the surface potassiums following 
on their interaction with the water dipoles makes the surface statistically 
neutral on a smaller scale than in the dry crystal and lowers the potential 
energy of the system—as it should—in order that it may pass on to a 
stabler state of equilibrium. Each K'^ ion calling one unit of positive 
charge in effect balances two 0*5 units of negative charges situated at the 
centres of adjacent hexagonal rings. Actually, the potassiums execute 
oscillations between these centres but taking the time average of this 
oscillatory motion they may be looked upon as occupying mean positions 
between the centres. 

46. An Electrochemical Approach to Crystal Chemical Studies— 

Part III. The acid character of the micas. 

R. P. Mitra and K. S. RaJagofalan (Delhi) 

The micas, muscovite and phlogopite, were finely ground in an agate 
mortar and materials having particles with equivalent spherical diameters 
smaller than 2 *0 microns were leached with dilute HCl to obtain the corres¬ 
ponding hydrogen-, or, acid micas by the replacement of the exposed potassiums 
by hydrogen ions. Potentiometric titration curves of aqueous suspensions 
of these hydrogen micas with strong bases showed a weak tribasic acid 
character. Pauling, on the other hand* had predicted a very Strong acid 
character for hydrogen muScovite on the basis of his electrostatic valence 
rules which are generally looked upon as the cardinal principles of crystal 
chemistry. Apparently, factors not coming within the purview of these rules 
are operative. The observed tribasic acid character, of the hydrogen micas 
indicates the presence of hydrogen ions in three different affinity levels on the 

2 
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surface. The significance of these levels from the point of view of the lattice 
structure of the micas has been pointed out. 

47« Electrodeposition of Iron. 

M. A. Rahman and S* Husain (Hyderabad-Deccan) 

A systematic study of the electro-deposition of iron was undertaken 
in order to determine optimum conditions for the electro-deposition of the 
metal. Ferrous sulphate baths were investigated in the first instance. A 
platinum coil was used as an anode and an iron plate as the cathode. A 
canvas diaphragm was used around the anode to avoid disturbances in the 
solution due to evolution of oxygen at the anode. The solution was kept 
well stirred during the electrolysis and the temperature was maintained 
constant at 30°. It was observed that the cathode potential became more 
negative with the increase in current density and more positive with the 
increase in the acidity of the bath.. Tlie current efficiency increased with the 
rise in temperature and increase in the concentration of Fe++. It was further 
noticed that the cathode potential became more positive as the current effi¬ 
ciency decreased. Adherent deposits of coherent mass were obtained on an 
iron base from baths containing 0 *25 M. ferrous sulphate at a current density 
of 0 *094 amp./cm .2 at a temperature of 60° with a current efficiency of 98%, 
Presence of traces of sulphuric acid was found necessary to prevent the precipi¬ 
tation of hydroxides and basic salts. 

48. Absorption and relaxation in Gases and Vapours. 

S. K. K. Jatkar and D. Laxminarayanan (Bangalore) 

The futility of studying the combustion of fuels in engines by spectro¬ 
scopic methods is obvious from the fact that the band spectra reveal only the 
presence of cracked radicals. The phenomena preceding the ignition is 
unknown. The dispersion of vapours observed by authors for linear and long 
chain compounds at comparatively low frequencies would indicate that in 
high speed internal combustion engines due to disappearance of the rota¬ 
tional and vibrational specific heats by the super-adiabatic phenomena, the 
vapours reach higher temperature on account of relaxation time, and knocking 
or pre-ignition takes place. The data on the explosion temperatures and 
pressures need revision as both oxygen and carbon dioxide are well known 
to show dispersion and relaxation. It has been found that the dispersion 
frequency depends upon van der Waals* constant ‘ a * and the ratio of 
moments of inertia of the molecule. 


49. Molecular Heats of Gases and Vapours. 

S. K. K. Jatkar, D. Laxminarayanan and R. J. Sujir 
(Bangalore) 


The molecular heats of gases and vapours have been measured by the 
ultrasonic method at 23 and 50 k.c. at different temperatures in N®, Os, CO, 
COs, NsO, CoHs, C 2 H 4 , CHsCHO, (CH 3 )/), CHsOC^Ha, CHaCf, 

CFgCls and cHgBr. Of these CO 2 and CHaOCgHs show dispersed values 
at room temperature. 


50. Dielectric ’ Constant of Liquids in Polar and Non-Polar 
Solvents* 

S. K. K. Jatkar, B. R. Y. I^bnoar and N. S. Bhatia 
(B angalore) 

The dielectric constants and densities of Solutions of quinoline, nitro- 
befazene* chloroform, bromoform, benzylchloride, chlorobenzene, aceto* 
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phenone, benzaldehyde, paraldehyde, acetone, ethyl ether, ‘ o ’-cresol, benzyl- 
amine, acetonitrile and benzonitrile have been studied in non-polar (benzene, 
carbon tetrachloride and dioxane) as well as polar solvents over the entire 
range of concentrations at various temperatures. The change in the freedom 
of orientation with the variation of these’parameters, viz-, temperature, con¬ 
centration and solvent, finds quantitative basis in the new relationship which 
has been used to calculate moments which are discussed in relation to the 
structure of the molecules. 


51. Dielectric Constant of Associated Liquids. 

S. K. K. Jatkar and B. R. Y. Iyengar (Bangalore) 


The characteristic temperature Q in the mono-alcohols ethyl, propyl, 
butyl and amyl corresponds to their melting points. For methyl alcohol, 
which shows molecular rotation in the solid Q corresponds to the transition 
temperature indicated by specific heat measurements. Water, which also 
shows molecular rotation in the solid state has its 0 considerably below M.P. 


correspond 


The moments calculated by the equation (e— w®) ^ -r 

a A — v) 

to those obtained in the vapour state or in dilute solutions. For hydrocyanic 
and hydrofluoric acids the characteristic temperatures are considerably below 
the melting point. 


52. Dielectric Dispersion of Polar Liquids and Solutions. 

S. K. K. Jatkar and B. R. Y. Iyengar (Bangalore) 

The inapplicability of Debye-Clausius-Mossotti equation to polar liquids 
is well known. A new relationship for the anomalous dispersion in polar 
liquids and solids has been derived on the basis of the theories developed by 
the authors. Dispersion formulse given by Cole, Fuoss and others have been 
critically reviewed. The data on anomalous dispersion of proteins, amino 
acids, water, alcohols and homologous methacrylates have been interpreted 
in terms of the dipole moments as involving a single relaxation time corres¬ 
ponding to the rotation of the huge dipole rather than two or more relaxations 
postulated by previous workers. The “molecular radii*’ derived from the 
observed relaxation times using the Stokes’ law have been correlated with 
dipole moments obtained by applying a new relationship to the dielectric 
constant studies on solutions of various proteins and alcohols. 


53. Molecular Diamagnetism and Refraction. 

S. K. K. Jatkar, N. V. Sathe and K. P. Warke (Bangalore) 

The ratio (x lOo) of molecular diamagnetism to refraction is 4 *5, for rare 
gases and fluorides, 3*5 for diatomic elements and most of the inorganic 
halides (except the bromides and iodides of Sr, Ba, Pb and Hg, for which the 
ratio is 3 *0), 2 *5 for aliphatic compounds (except halides) and 2 *0 for aro¬ 
matic compounds. The theoretical basis of this relationship is discussed, 

54, Dipole moments of substituted Ethyl benzoates. 

P. R, JogalekaRj N. L. PHAlniKar and V. BhidE (Poona) 

The dipole moments of the follovdng substituted ethyl benzoates have 
been determined from their dielectric constants and refractive indicies at 30'' 
in the liquid state using Onsager^s equation;— 

£?-methoxy (2'26)j <?-chloro (2*38), n-bromo (2‘29), e-nitro (4*12), 
m-methoxy (2*03), m-chloro (1*95), ?7i-bfomo (1*98), 7?i-nitro (3*82)^ m* 
hydroxy (2*57)^ p-hydroxy (3 *11) andp-methoxy (2*35). The figures in brackets 
represent dipole moments in Debye units. The results are discussed in rela¬ 
tion to the structure of the esters and the influence of substituents, 
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55. Drought resistance of plants in relation to Hysteresis in 

Sorption. 

K. SuBBA Rao, M. Bhimasena Rao and B. Sanjiva Rao 
(Bangalore) 

The problem of drought resistance of plants has been investigated in 
relation to the hysteresis effect in sorption. As typical members of the 
drought resisting and nondrought resisting plants, grass and balsam vv'erc 
chosen for the study. Sorption and desorption of water vapour at 30® C. 
on the dehydrated leaves of the plants were conducted by employing the 
quartz fibre spring technique. Hysteresis effect was exhibited in both cases. 
The hysteresis effect is due to cavities which entrap water during desorption. 
Over the entire range of relative humidities, grass takes more water than 
balsam. The relative positions of the loops of the plants indicate that the 
cavities and their necks in the balsam leaf are much wider than those in the 
grass blade. This difference in the capillary structure of grass and balsam is 
probably one of the causes responsible for the difference in their drought 
resisting properties. The hysteresis eflfect exhibited by the leaves of a plant 
under va:tying conditions of drought, during the course of growth of the plant, 
is being investigated. 

56. Kinetics of Consecutive Reactions: Hydrolysis of Nitriles. 

G. G. Mujuhdar, K. K. Dole and D. D. Karve (Poona) 

In continuation of the previous work on the kinetics of consecutiv 
reactions, the investigation has been extended to include the study of an im¬ 
portant case of unimolecular, two-step, and non-reversible consecutive 
reaction, wherein the two sub-reactions involved proceed with the same rate 
(i.e., where is equal to k^). Hydrolysis of propionitrile has been carried 
out in presence of sulphuric acid (5 -38 N.), at 80® C., and the changes in 
concentrations of the original substance (nitrile), the intermediate product 
(amide) and the final product (ammonium salt) have been recorded. At this 
concentration of the catalysing acid, the hydrolysis of propionamide (Arg) also 
proceeds at the same rate as that of the nitrile (^i). This is confirmed from 
an independent hydrolysis of propionamide under identical conditions. In 
the hydrolysis of the nitrile, the amide passes through a maximum concentra¬ 
tion (9T5 c.c. when a = 25 c.c.) which is a specific one under such condi¬ 
tions. A mathematical treatment of the subject is possible on the basis of 
the present investigation. 

57. Studies in Glass Systems—Magnetic Susceptibility of Gold 

dissolved in Borax Glass. 

SuBODH Kumar Majumdar (Calcutta) 

A suspension of metallic gold in borax glass was prepared by first heating 
auric chloride in a platinum crucible to about 210® and then heating it strongly 
(to about 800® C.) after mixing it with specially purified and dehydrated borax, 
until an apparently homogeneous melt was obtained. The melt was allowed 
to slowly solidify and the glass extracted. Different samples were prepared 
in this way, the maximum gold content being 3 *12%. Gold, in a higher con¬ 
centration, did not form a solid solution, but merely separated on the surface. 
The samples were isotropic under the Polarisation Microscope. The gold 
content of the samples was determined by an electrometric method used by 
Muller and Weisbrod {Z. anorganische Chemie, 192$, 17, 156). The dia¬ 
magnetic susceptibility of the samples was determined by a Torsion Balance 
used by Krishnan and Banerjee (Phil. Trans., 1935, A 231, 235). The value 
of the diamagnetic susceptibility of the dissolved gold was calculated from 
the Additivity formula: 100 x: = p -Xi + (100 - p) ‘Xs, where x is the observed 
mass susceptibifity of the glass, p, the % of gold, xt its mass susceptibility of 
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gold in the dissolved state and Xz is the susceptibility of the borax. The 
calculated value of Xi for dissolved gold shows an increase over its normal 
value with increased concentration in the glass, the maximum increase found 
being about 10%. The results are in keeping with the author’s previous 
experiments on polar crystals dissolved in glass. As there is no borate forma¬ 
tion with gold, the observed increase can be accounted for, by supposing that 
the crystal lattice itself is enlarged on account of the introduction of a di¬ 
electric medium, as suggested by the author in previous publications. 


58. On the application of the Equation to some Supersaturated 
Solutions. 


Ram Gopal (Lucknow) 

■ An examination of the applicability of Hamburger-Harbury equation 

(Chem. Weekblad, ms, 3S,SS6; J.Phys. Chem., 1946, 50, 90) = K. 

concerning the activity of ‘ wall-germs ’ in supersaturated solutions, has been 
made in this paper. It is found that crystallisation of highly supersaturated 
solutions of urea, oxalic and succinic acids may be due to ‘ wall-germs The 

value of has been found to be about 2400 x 10-^5. 

The ‘ wall-germ ’ activity does not appear to have any influence on the 
low preheating effect on the spontaneous crystallisation of certain solutions, 

e.g., those of KBr, KI, KNO 3 and KCi 04 , etc. The value of varies 


from 2450 x 10-e to 1470 x lO-s. 


(M//))2/3 


59 . Supersaturation Limits of Solutions—Part V. 

Ram Gopal (Lucknow) 

The work on the limits of supersaturation in aqueous solution has been 
further extended. The results obtained confirm the previous observations 
that in most cases Tj — T for any particular solute is almost independent of 
Tj, Further, (Tj — T) X has been found to be constant in a number of cases. 

Considering X, the heat of solution, as the lattice energy of the solute 
when it is kept in contact with the solvent water, an explanation for constancy 
of (Tj. — T) X has been suggested. 

It has been observed that preheating has a very little or negligible effect 
on Tj — T in solutions of cinnamic, fumaric and maleic acids. It is pointed 
out that probably the unsaturated nature of these acids is responsible for this 
behaviour. 

60. Supersaturation Limits of Solutions—Part VL 

i Ram Gopal (Lucknow) 

Supersaturation limits of solutions of (NH 4 ) 2 Cr 207 , NH 4 C 104 , and 
Ba (€ 104)2 in water have been determined. The results appear to show that 
both the perchlorates studied here behave like KCIO4 (/. Ind. Chem. Soc., 1943, 
20, 185), /.<?., the limit of supersaturation Tj — T is in general, not affected 
very much by the number of heatings and coolings. It remains almost a 
constant or varies only very slowly, unlike other salts of NH 4 and Ba such as 
(NH 4 ) 2 S 04 , NH4CI, NH4NO3, BaClg and Ba (NOs)^, in which Tj - T goes 
on markedly increasing with the duration and intensity of heating. This 
obviously shows a characteristic feature of CIO4 ion in the tendency of spon¬ 
taneous crystalli^tion of these salts. The work is being extended to other 
perchlorates to discover the factor or factors responsible for this exceptiopal 
J>^}i^yiour.. * ^ ’ 
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61. Study of the Compositions of Polychlorides from Solubility 

Data. 

Arun K. Dey (Saugor) 

In a recent publication, Dey (/. Jnd. Chem. Soc., 1947,24, 207) has derived 
an expression for the calculation of the formulae of polyiodides and poly- 
bromides from solubility data. In the case of polychlorides, however, 
chlorine does not show augmented solubility in alkali chlorides solutions 
but in presence of hydrogen chloride the solubility of chlorine is appreciably 
enhanced. 

London has determined the values for the solubility of chlorine in hydro¬ 
chloric acid solutions. From his data, the formulae of the polychlorides have 
been calculated by the expression derived by Dey. 

It is concluded that though the composition of hydrogen polychlorides 
depends on temperature, hydrogen trichloride seems to be the most predomi¬ 
nant product at ordinary temperatures. 

62. Studies in the formation of Complex Stannioxalates by 

Physico-Chemical Methods—^Part I. Conductometric study 
of Sn ( 0 H )4 H 2 C 2 O 4 system. 

Arun K. Dey and A. K. Bhattacharya (Saugor) • 

In continuation of the studies in the complex formation between stannic 
tin and soluble organic acids and their salts (Dey and Bhattacharya, Cwi\ 
Sci., 1945, 14, 70; Pro, Nat. Acad, ScL^ India^ 1946) an attempt has been 
made to study the composition of the complex compounds formed between 
stannic hydroxide and oxalic acid. The method followed was the new 
electrical conductivity method adopted by the authors in their previous 
publications {Curr. Set, 1945,14, 69; Nature, 1946,158, 95). The conducto¬ 
metric curve gave breaks corresponding to the compositions of the com¬ 
pounds, Sn (€ 304)2 and Sn (€ 304)2 2 Ha€ 204 , thus confirming the existence 
of the aforesaid compounds. 

63. Studies in the formation of Complex Stannioxalates by 

Physico-Chemical Methods—Part II. Conductometric study 
of Sn ( 011 ) 4 - 1 ^ 2^204 system. 

Arun K. Dey (Saugor) 

It has been observed (Dey, Alld. Univ, Studies, 1946, 22, 7; Dey and 
Bhattacharya, Proc. Nat, Acad, Set,, India, 1946) that Potassium Oxalate 
has a stronger tendency to form complexes with stannic tin than oxalic acid. 
In this paper, the complex formation between stannic hydroxide and potassium 
oxalate has been investigated, by the electrical conductivity method. From 
a study of the conductivity curve it has been concluded that the compounds 
formed are Sn (€ 304)2 and Sn (€ 304 ) 2 , 2 K 2 € 204 . 

64. Studies in the formation of Complex Stannioxalatcs by 

Physico-Chemical Methods—Part III. Spectroscopic study 
of SnCl 4 -H 2 C 204 system. 

Arun K. Dey and A. K. Bhattacharya (Saugor) 

The absorption spectra of mixtures of stannic chloride and oxalic acid 
solutions of various compositions have been studied in the ultra-violet region 
with the aid of Hilger’s constant deviation quartz spectrograph, using copper 
arc as the source. Different thicknesses of solutions were* used in a Baly’s 
tube for absorption. The different thicknesses of the solutions required for 
having absorption up to 2618° A were noted. In a graph the required thick¬ 
nesses were plotted against the compositions of the mixtures and the breaks in 
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the curve were assigned to be due to complex formation. It has been con¬ 
cluded that the compounds formed are Sn (€ 204)2 and Sn (€ 304 ) 2 , 2 H 2 €a 04 . 

65. Studies in the formation of Complex Stannioxalates by 

Physico-Chemical Methods—Part IV. Spectroscopic study 
of SnCl 4 -K 2 C 204 system. 

Arun K. Dey (Saugor) 

The niethod employed for the investigation of the complex formation 
between stannic chloride and potassium oxalate .was the same as in Part III 
01 the series. Evidence for the formation of the compounds Sn (C 204)2 and 
Sn(C 204 ) 2 , 2 K 2 C 2 O 4 was obtained. 

66. An Electrochemical Approach to Crystal Chemical Studies— 

Part I. The ‘ ion-dipole ’ interaction at a ‘ crystal-polar 
liquid ’ interface and its electrochemical consequences. 

R. P. Mitra (Delhi) 

The chemical responses of a crystal towards a liquid phase will largely 
depend on its solubility. The damping effect of a limited solubility on chemical 
reactivity may be materially counterbalanced by an extensive mechanical 
comminution of the crystal which would unleash numerous building units 
of the latter having sufficient residual valencies to enable them to enter into 
an energetic interaction with the liquid phase. If the crystal is of the ionic 
type, or, partially so, and if the liquid is a polar one, e,g., water, a large number 
of polar groups and or ions which have been brought to the surface as a result 
of the conmiinution will interact with the dipoles of the liquid giving, if the 
communition is of the right order, a stable suspension of the crystallites in 
the liquid. The stability of the suspension will be due to some sort of a 
* surface dissociation ’ of the exposed polar groups and or ions as a result of 
their interaction with the solvent dipoles. This surface dissociation—^its 
mechanism and that of the ion-dipole interaction have been discussed taking 
the mica-water interface as a model—^will give to the suspension the character 
of a heterogeneous electrolytic system showing such familiar electrochemical 
features as quite definite and measurable conductivity and activity coefficients 
of the ions dissociated from the surface. It has been the object of the present 
series of papers to examine how far such features and their variations caused 
by the interactions of the crystallites with added electrolytes, e.g,, acids, bases 
and salts, are influenced by and, to that extent, reflect the nature of the building 
units of the crystal and the scheme on which they are built. 

67. An Electrochemical Approach to Crystal Chemical Studies— 

Part IV. The acid character of hydroxyl groups in neutral 
layer-lattice silicates. 

R, P. Mitra and K. S. Rajagopalan (Delhi) 

Many crystalline silicates have a layer-lattice structure. Some of them, 
e.g., kaolinite and pyrophyllite, are made up of neutral layers held toge- 
there by hydrogen bonds or weak van der Waal’s forces. Hydroxyl groups 
present in the lattice frame-work of kaolinite and pyrophyllite are probably 
mainly responsible for their acid character and base combining power. 
Kaolinite has two types of OH groups in the lattice. In agreement with 
this, it shows a dibasic acid character when an aqueous suspension is titrated 
with a strong base. Pyrophyllite, on the other hand, has only one type of 
OH groups. This structural feature is in harmony with the fact that the 
potentiometric titration curve of pyrophyllite with a strong base resembles 
that of a weak monobasic acid. 
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68 . A l^ote on Silverman’s Equation for the Viscosity of Liquids 
Balbhadra Prasad (Cuttack) 

Silverman started with the idea that viscosity of a liquid could be repre¬ 
sented by )) = Et where E is elasticity and t is the average life of associated 

complexes formed during the collision of molecules. He showed that E 


Q' 


b' 


kf 'V Tj np 

where /S is compressibility and r = He further assumed that 


Q' 


CT 


It was shown 


kf V Wt ‘ 

B ~ ae^ so he obtained the equation 77 = 

by the author that in case of some liquids C was negative and if C was assumed 

IB 

to be zero the equation still holds good. It has been shown that e—Ae 

Therefore the Silverman’s equation should take the form 17 = which 

has the same form as the equation obtained by assuming that C = 0. Further 


v'T 


is either constant or an exponential function of temperature. Hence 

b 
T 


this equation really reduces itself to the form 17 =* Ae 


69. Apparent molal volume of Ammonium Chloride at 35® C. 
Balbhadra Prasad and Prasanna Kumar Das (Cuttack) 


Redlich and Rosenfeld by differentiating with respect to pressure the 
free energy equation of Debye and Huckel for ^trong electrolytes deduced 
ain equation for the partial molal volume, ^ a ^C, It was further 

shown that the apparent molal volume <f> can also be represented by a similar 
equation (j) = 4>o + K VC where the value of K is a constant. Experimental 
results showed that the volume of K was always of the same order. 


^NaCl ^cfsNOn 


=0-96,K“,ho.=1-20. 

Recently Redlich and Bigeleisen have stated that if the above equation 
is written as (f> ^ <f>Q = K VC + K'C. K is constant in case of HCl and 
KClOs at 25® C. Their experimental technique does not seem to be faultless. 

Results obtained in this laboratory, with ammonium chloride do not 
support the views of Redlich and Bigeleisen. The equation however, admits 
another term as suggested by Redlich and Bigeleisen. 


70. A new method of deriving Redox potential. 

Balbhadra Prasad (Cuttack) 

The usual method of deriving Redox potential based on the principle of 
maximum work given in text-books of Electro-Chemistry is so different from 
that used for deriving the Single Electrode potential that the similarity between 
Redox potential and single Electrode potential is sometimes lost sight of. A 
new proof of Redox potential, based on the principle of virtual work at 
equilibrium being equal to zero, has been given. As this principle is used in 
deriving single Electrode potentials also, the similarity between Single Electrode 
Potential and Redox Potential is clearly brought oqtr ‘ ^ " 
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71. The Variation of Absolute Viscosity with Temperature- 
Organic solutes in non-aqueous solvents. 

A. N. Bose and A. C. Chatterji (Lucknow) 

The viscosity of a fairly large number of systems of non-electrolytes in 
non-aqueous solvents has been studied at various temperatures. It has been 

- 

found that the simple Andrade’s equation 97 == Ae is applicable to most' 
of the systems investigated in this paper. The deviations can be explained by 
Rabinovich’s solvate hypothesis and the depolymerisation concept of Applebey, 


72. The Variation of ^ Relative Viscosity with Temperature— 
Organic solutes in non-aqueous solvents. 

A. C. Chatterji and A, N. Bose (Lucknow) 

Results of a fairly comprehensive study of the temperature dependence 

of relative viscosity, —, of concentrated and supersaturated solutions of non- 
T/o 

electrolytes in non-aqueous solvents are discussed in this paper. The observed 

values ^f ^ divided into three categories (i) having approximately 

zero variation; (u) having positive value; and (iii) having negative value for 
the variation of relative viscosity. In the majority of cases the results can be 
explained by Rabinovich’s solvate hypothesis and the depolymerisation 
hypothesis of Applebey. 


73. The Variation of Absolute Viscosity with Concentration— 
(Organic solutes in non-aqueous solvents.) 

A. C. Chatterji and A. N. Bose (Lucknow) 

The viscosity of non-electrolytes in non-aqueous solvents has been studied 
in this paper at different concentrations. It has been shown that Tamini’s 
second equation, Irnj = 0c -r <l>, is more applicable to these systems, than 
the first equation, rj = me + n. The value of 9 and 4> of the second equation, 
have been calculated. This equation of Tamini is equivalent to the equation 

of Arrhenius — = A^ or /zz ~ = cln A or kc. 

■> 7 o ^ 

Taimini (/. Phys, Chem., 1928, 32, 604; 1929, 33, 56) has shown that the 
second equation is not applicable to conentrated aqueous solutions. On the 
other hand he found that the first equation tj = me + n is applicable to most 
of the supersaturated aqueous solutions investigated by him. In this labo¬ 
ratory it was also found that the first equation of Taimini, v === fnc + n is 
generally applicable to supersaturated aqueous solutions of electrolytes, 
.Results obtained in this laboratory show that Arrhenius’s equation or rather 
a modified form of it, as given by Tamini, is generally applicable to super¬ 
saturated non-aqueous solutions. Investigations are in progress to find out 
the cause of the difference between the behaviour of these two. types of super¬ 
saturated solutions. 


74. Dissociation Constant of Aceto-lead complex cation 
Shripati Pani (Cuttack) 

The dissociation of the Aceto-lead complex cation has been studied by 
t})Q Et F. method. results obtained are discussed^ 
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75. Magnetic study of mercuric and mercurous compounds. 
Mata Prasad, S. S. Dharmatti and A, K. Ghosb (Bombay) 

The magnetic susceptibilities of a large number of inorganic and organic 
compounds of mercuric and mercurous mercury have been determined by 
a modified Gouy’s balance. The experimental values of the susceptibilities 
have been compared in different ways with the theoretical ones obtained by 
the methods of Slater and Angus, and it has been found that they are lower 
than the theoretical, especially in the case of the mercurous ion. The rela¬ 
tionship between the molar susceptibility and the number of electrons in the 
compound has been studied graphically, and together with magnesium, zinc 
and cadmium, the sub-group characteristics have been analysed. From the 
graphs, values of dijQferent anions have been obtained and these have been 
discussed on the basis of the group characteristics. Ionic radii have been 
calculated for both the states from the ionic susceptibilities and have been 
compared with the values obtained by other methods. 

Organic Chemistry 

76. Bromination of some aryl esters of salicylic acid. 

G. V. Jadhav md R. M. Thakkar (Dharwar) 

?? 2 -, ^d p-Cresyl, p-nitrophenyl and / 3 -naphthyl salicylates gave 
m-t /?-cresyl, ^-nitrophenyl and ^-naphthyl 5-bromo-salicylates, when bromi- 
nated in acetic medium and using theoretical quantity of bromine. w-Nitro- 
phenyl salicylate gave m-nitrophenyl 5-bromosalicylate in chloroform 
medium. 

Nitrophenyl salicylates gave nitrophenyl 3 :5-dibromo salicylates, when 
more bromine was used in acetic acid medium, whilst c>-, w-, p-cresyl 3 :5- 
dibromosalicylates were obtained from the corresponding 5-bromo-salicylales 
by using acetic acid solution of bromine in required proportion. 

77. Bromination of some aryl esters of 5-nitro-salicylic acid. 

G. V. Jadhav and R, M. Thakkar (Dharwar) 

Bromination of phenyl 5-nitrosalicylate gave phenyl 3-bromo-5-nitro- 
salicylate (A) in acetic acid medium whilst 4-bromophenyl 5-nitro-salicylate 
(B) was obtained with liquid bromine: Both (A) as well as (B) gave 4-br omo- 
phenyl 3-bromo-5-nitro-salicylate (C), the former by bromination wi th liquid 
bromine and the latter by bromination in acetic acid medium. (C) was 
obtained from phenyl 5-nitrosalicylate by the action of liquid bromine in 
presence of iodine catalyst. 

o-Cresyl 5-iiitrosalicylate also gave <?-cresyl 3-bromo-5-nitrosalicylate (D) 
by bromination in acetic medium and 5 :6 dibromo-£?-cresyl 5-nitrosalicylate 
(E) by using liquid bromine. Both (D) and (E) gave 5 :6 dibromo-i?-cresyl 

3- bromo-5-nitro-salicylate (F) by brominating (D) with liquid bromine and 
(E) with acetic acid solution of bromine. (F) is also obtained from n-cresyl 
5-nitrosalicylate with liquid bromine in presence of iodine catalyst. 

m-Cresyl 5-nitrosalicylate gave /n-cresyl 3-bromo-5-nilrosalicylate and 

4- bromo-7n-cresyl-3-bromo-5-nitro-salicylate when bromination was done in 
acetic acid medium, depending upon the temperature of the reaction. 
It gave 2 :4-dibromo-m-cresyl-5-nitrosaiicylate with liquid bromine, which 
dibromo compound gave 2 :4-dibromo-«2-cresyl 3-bromo-5-nitro-salicylate 
when brominated in acetic acid medium. The last compound was also 
obtained from m-cresyl 5-nitro-salicylate by the action of liquid bromine in 
presence of iodine catalyst. 

Similar interesting results were obtained in the case of p-cresyl 5-nitro- 
sali(^late. Nitrophenyl 5-mtrosalicylates gave only nitrophenyl 3-bromQ-- 
^-nitro-salicylates by bromination in acetic acid m^ium. 
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78, Bromination of some aryl esters of 3-nitro-salicylic acid, 

G. V. Jadhav and R. M. Thakkar (Dharwar) 

Bromination of phenyl, o-cresyl, » 2 -cresyl 3-nitro-salicylates in acetic acid 
solution at higher temperatures gave phenyl, ^?-cresyl, and w-cresyl 3-nitro- 
5-bromo-salicylates. If however, the bromination of these esters is done with 
liquid bromine, phenyl 3-nitrosalicylate gave 2:4-dibromophenyl 3-nitro- 
salicylate; <?-cresyl 3-nitro-salicylate gave 4-bromo-(9-cresyl 3-nitrosalicylate; 
and w-cresyl 3-nitro-salicylate gave 4-bromo-w2-cresyl 3-nitrosalicylate, 

79, Interaction of Bromine and Thioparbamide, Dimorphism of 

Formamidine Disulphide Salts. 

R. H. Sahasrabudhey (Benares) 

Bromine reacts with thiocarbamide in a dry chloroform medium forming 
a deep yellow-orange dibromo compound CSN 2 H 4 Br 2 , which is not a simple 
addition product but has the constitution of a perbromide as evinced by 
the lability of its bromine to potassium iodide. The influence of - various 
factors on its capacity of setting free iodine has been investigated. The 
dibromo-compound is extremely sensitive to moisture and in presence of the 
latter immediately decomposes into the hydrobromide of the well-known 
oxidation product of thiocarbamide, the so-called formamidine disulphide. 

The nitrate and the picrate of formamidine disulphide were prepared by 
Werner’s method, as also by using other oxidizing agents. In disagreement 
with the statements of the earlier workers it has been found that they melt at 
82-85° or 138-140°, and 154° or 164° respectively. The manifestation of two 
melting points by these salts is evidently due_to dimorphism. 

80, Action of Sulphur monochloride on Thiocarbamide and 

Thiocarbanilide. 

R. H. Sahasrabudhey (Benares) 

Sulphur monochloride reacts in an inert solvent medium with thio¬ 
carbamide and thiocarbanilide forming salts of formamidine disulphide and 
phenylaminobenzthiazole respectively; a trisulphide or a tetrazine is not 
produced as postulated by Naik (J,C,S., 1921, 119, 1166). In these reactions 
it plays the role of an oxidizing agent. 

The action of sulphur monochloride was also tried in aqueous, dii. 
alcoholic and aqueous acidic media on the thiocarbamides under investiga¬ 
tion but under these conditions the reagent appeared to decompose com¬ 
pletely and no oxidation product whether a disulphide, a benzthiazole, or a 
thiodiazole could be isolated. 

81, Complex Zinc Compounds of the tris-series with ethylene 

diamine and propylene diamine. 

Kanai Lal Mandal (Calcutta) 

Ethylene diamine dipropylene diamine zinc salts have been prepared by 
combining one molecule of a zinc salt with two molecules of propylene diamine 
and one molecule of ethylene diamine. Similarly propylene diamine diethylene 
diamine zinc compounds have been obtained by combining one molecule of 
a zinc salt with two molecules of ethylene diamine and one molecule of pro¬ 
pylene diamine. Though various reagents have been tried, it has not been 
possible to resolve zinc salts of the above two classes of compounds of the 
tris-series. By using /-propylene diamine obtained by the resolution of race¬ 
mic propylene diamine NHg CHg CH NHa CH^ Isevorotatory complex rin<; 
^^}ts were obtained^ . " * 
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82. Electric Moment of Hexachloro-cyclohexanes. 

S. K. K- Jatkar and (Miss) S, B. Kulkarni (Bangalore) 

Commercial hexachloro-cyclohexaue was separated into four isomers 
alpha, beta, gamma, delta, melting at 158° C., 309° C., 112 *5° C. and 138° C., 
by fractional crystallisation from methyl alcohol. The dielectric properties 
of the four isomers were studied. The beta isomer, with 3 chlorine atoms 
in upper plane and the three others in lower plane, has zero moment. The 
gamma isomer (which is a very effective insecticide) has the highest moment 
(2 *551)) which is independent of solvent and in agreement with the moment 
2*55D of pure molten gammexane, The alpha isomer has a moment of I *70. 
Fmrther work is in progress. 

83. Dipole Moment of Aceto-acetic ester and Hydroxy benzoic 

Acids. 

S. K. K. Jatkar and (Miss) S. B. Kulkarni (Bangalore) 

The dipole moment of pure aceto-acetic ester is 3D between 20-130° C., 
in good agreement with the vapour value of 2 *95 D, The moment in benzene 
and carbon tetrachloride varies from 2*5 to 2*7 D. with change of concentra¬ 
tion between 5 to 39^. Dielectric properties of o,m,p hydroxy benzoic 
acids in dioxane at various concentration and temperature were studied. The 
moments, for ortho, meta and para hydroxy benzoic acids are 2 *7, 2 *2 and 
2 *55 D respectively. 

84. Electric Moment of Some Drugs, 

S. K. K. Jatkar and (Miss) S. B. Kulkarni (Bangalore) 

Dielectric properties of sulfanilamide and its related compounds were 
studied in dioxane. Moment of sulfanilamide (5 *4 D) is the vector sum of 
the moment of aniline (1*5) and benzene sulfonamide (4*1). Similarly 
moments of p-phenyl benzene sulfonamide C 6 H 6 CeH 5 S 02 NHg and p-amino- 
phenyl benzene sulfanilamide are 4*3 and 5*6 respectively. The values of 
the moment for barbitone and phenobarbotone are 1 *10 and 1 *15 D. 
Moment of p-ethoxy acetanilide is 5 *3 in dioxane and 5 *5 for pure molten 
liquid and is the vector sum of acetanilide 3 *8 and the ethoxy group. Acetyl 
salicylic acid has a moment of 2 *0 independent of concentration and solvent. 
Santonin has a high dipole moment of the order of 5 *0 D. The moment for 
ascorbic acid is 3 *2 D. 


85. Dielectric Constant of Hydrogen Halides, Cyclohcxanol, 
Camphor, Dimethyl Sulfate, &c. 

S. K. K. Jatkar and (Miss) S. B. Kulkarni (Bangalore) 


The moments of hydrogen halides cyclohexanol, hydrogen sulfide in solid 
and liquid state and that of camphor in solid state are calculated by the new 

equation (e —* where 9 is the characteristic temperature 

corresponding to the observed temperature of transition at which the dielectric 
constant suddenly changes to a peak value. The observed values of 9 are 
98 *4, 89 *8 66, 103 and 200° K. for HCl, HBr, HI and HgS and cyclohexanol 
For camphor the calculated 9 is 58° K. The moments calculated correspond 
to those obtained in vapour or in dilute solution. The moments of dimethyl 
sulfate and diethyl sulfate calculated from the dielectric constant of oure 
liqmd are 4*97 and 4 *550. The high dielectric constant of the solids show 
that there is partial rotation of the molecules in the solid, the moment of which 
}S dwnimshed by coordination belpw the transition temperature 
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86. Studies on the Formation of Grignard Reagent. 

S. A. Faseeh and S. H. Zaheer (Lucknow) 

While attempting to effect a synthesis of phenanthrene and substituted 
phenanthrenes it was noticed (Proc. Ind. Sci, Cong., 1941, p. 88) that while 
o-iododiphenyl reacted readily under the usual conditions with magnesium 
in ether solution giving an yield of 80% the Grignard reagent: all effort to 
prepare the magnesium derivative of substituted nitro or amino iododiphenyl 
proved unsuccessful. Slotta and Heller (Ber, 1930, 63, 3044) have also noted 
.the failure of ortho and para bromonitrobenzene to react with magnesium 
in presence of ether, iso-amyl ether or otherwise. This failure induced us to 
make an extensive search in the literature of the last forty years and the present 
authors found no mention of the formation of magnesium derivatives of an aro¬ 
matic halide which in addition also contain a second substituent which is 
either a nitro or amino group, the only exception being the preparation by 
Baeyer of the Grignard reagent of the ortho and meta iodoanilines (Ber, 1905, 
38, 2759, 2767). 

<7-Chloro (and bromo) diphenyl, o, m. and p. chloroanilines and nitro- 
benzenes do not form Grignard reagent under the usual condition. By 
heating these compounds (in absence of air) with magnesium in sealed glass 
tubes the following % of the Grignard reaction has been obtained. o-Chloro 
diphenyl (32%) o-bromo-diphenyl (18%): ortho, meta and para chloro¬ 
anilines (6%, 14% and 33% respectively). Ortho, meta and para chloronitro- 
benzene failed completely to produce any reaction. 

87. Preparation of 5 : 5-diphenylhydantoin. 

J. SiKDAR and T. N. Ghosh (Baranagar, Calcutta) 

5 :5-Diphenylhydantoin, (an anticonvulsant used in the treatment of 
epilepsy), can be prepared according to the method of Biltz (Ben, 1908, 41, 
1379) which consists in treating benzil with alcohqlic alkali and then heating 
the mixture with urea. As is well known benzil, when treated with' alcoholic 
alkali, undergoes molecular rearrangement to benzilic acid. It was, there¬ 
fore, thou^t that in the method of Biltz, benzil is first converted to the alkali 
salt of benzilic acid, which then reacts with urea to yield the alkali salt of 
5 :5-diphenylhydantoin. But, it is found that by heating, under identical 
conditions, the alkali salt of benzilic acid with urea in presence of alcohol, no 
reaction takes place. 

«i».With regard to benzilic acid rearrangement. Ingold (Ann. Repts. Chem. 
Soc., 1928, 25, 124; 1933, 30, 177) has proposed the existence of an inter¬ 
mediate negative ion, produced by the addition of hydroxyl ion to benzil and 
has indicated the importance of an alkaline medium in the transformation. 
Ilie above observations can be explained on the basis that urea first reacts 
with this intermediate negative ion and the complex (I), thus formed, next 
isomerises to (11), ultimately forming 5 :5-diphenylhydantoin by cyclisation. 
This mechanism has been further substantiated by other experimental observa¬ 
tions. 

0-0 ^ o- NH-CO-NHo 

I II i I 

Ph-C-C—Ph-> 0-C-C-Ph 

iIh-CO-NHj, 4 

(D (U)- 

88. Modification of Skraup’s Reaction. 

S. J. Das Gupta (Calcutta) 

The Skraup’s reaction for the synthesis of quinoline has been modified 
by various authors from time to time. In all these modifications the amino 
compound is mixed with the corresponding nitro compound. No modification 
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has yet been made in which the use of the amine is dispensed with and 
the nitro compound alone can be directly and safely converted to the quinoline. 
The author has found out a modification by which quinoline compounds 
can be prepared directly from the nitro compounds alone, without the 
slightest chance of the reaction becoming violent. A mixture of nitro 
compound (1 part), glycerine (3 parts) and cone, sulphuric acid (3 parts) 
is prepared in cold and diluted with pure formic acid (3 parts) and then 
refluxed under stirring at about 150® C. for several hours. The quinoline 
is then isolated in the usual manner. 

89. Synthesis of the lactone from a-hydroxy-jS-isopropyl adipic 

acid, the degradation product of jS-phellandrene. 

D. Chakravarti and C. N. Bhar (Calcutta) 

The lactone from a-hydroxy-/5-isopropyl adipic acid, the degradation 
product of ^-phellandrene has been synthesised. Dimethyl levulinic ester has 
been condensed with cyanacetic ester and the condensation product reduced 
to ethyl a-cyano-^-isopropyl adipate, which has been hydrolysed to the tri¬ 
carboxylic acid and the latter brominated and the bromo compound decom¬ 
posed to a-bromo-^-isopropyl adipic acid. The above bromo compound is 
converted into the hydroxy acid which on distillation gives the required lactone. 

90. An attempt to prepare Indigoid Dyes from acenaphthenc- 

3-suIphonic acid. 

Paresh Chandra Dutta (Muzaffarpur) 

Acenaphthene-3-sulphonic acid (Ber.^ 1924, 57, 1531) has been converted 
to the sulphochloride and the sulphochloride to the mercaptan by reduction. 
This mercaptan has next been converted to the thioglycollic acid and the thio- 
^ycollic acid to the acid chloride. But the yields of the acid and the acid 
chloride have been too small to make further work possible. 

91. Chemical Examination of the Seeds of Myristica attenuata. 

A. N. PoTi and K. Ramachandran Nair (Trivandrum) 

The crushed seeds of Myristica, attenuata on extraction with petroleum 
ether gave two crystalline substances, A and B and a fixed oil. 

The substance A which separates from the extract at ordinary tempera¬ 
tures when recrystallised from alcohol gave long slender plates melting point 
123® C. and showed all the characteristic colour reactions of phytosterols. 
The substance B separating from the extract kept in a frigedaire gave 
small needles melting point 98® C. when recrystallized from petrol ether. It 
dissolved in sodium bicarbonate with the liberation of carbon dioxide and 
gave an intense violet colouration with ferric chloride showing that it might 
be a phenolic acid. The fixed oil obtained on evaporation of the nctrol. 
solidified to a fat melting at 34® C. 

Further work is in progress. 

92. The Active Principles of the Seeds of Swietila macrophylta, 

A. N. PoTl md K. Ramachandran Nair (Trivandrum) 

From the seeds of Swietila macrophylla two non-nitrogenous cjrystalliiie 
Substances A and B have been isolated. 

.o. The substance A (CljHjaO,) which crystallizes in rhombic plates melts at 
182-183 C. and is mtensely bitter to taste. It is insoluble in sodium bicarbon¬ 
ate but slowly goes into sodium hydroidde and is regenerated unchanged by 
acids. When boiled with sodium hydroxide and then acidified a distinctly 
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acidic white powder is precipitated. These reactions show the original sub¬ 
stance to be a lactone. It reduces Tollens reagent indicating unsaturation 
at the ^-position to the lactone ring. 

The substance BCC^gHaeOg) separates in beautiful shining prisms melting 
at 267® (decom.). It does not go into solution even in boiling alkali, gives a 
positive test with Tollens reagent and fails to give any acetyl or benzoyl deri¬ 
vatives. It gives a red cotouration with Hesses reagent and with Leibermann- 
Burchardt reagent an yellow colouration which gradually turns brown. 

Further work is in progress. 

93. Glyceride Constitution of the fixed oil from the seeds of 

Entada scandens, 

A. N. POTi and K. Ramachandran Nair (Trivandhim) 

After the removal of fully and disaturated glycerides by crystallization 
from acetone the oil was brominated in petroleum ether at 0° C. The solid 
and liquid bromoglycerides were further resolved into a number of fractions 
by different solvents. The fractions were then debrominated, saponified and 
acids liberated. The quantity of individual acids in each fraction was deter¬ 
mined. From the component fatty acids in various fractions the different 
types of glycerides in the fractions were calculated. Assuming that the solid 
acids are proportionately divided in the different glycerides, the component 
glycerides of the oil may be given as: Disaturated olein, 12*95%; Lignocero- 
diolein, 2*01%; Stearodiolein, 1*17%; Palnitodiolein, 1*78%; Lignocero 
oleolinolein, 2*21%; Stearooleiolinolein, 1*28%; Palmitooleolinolein, 1*95%: 
Dioleiolinolein, 26*69%; Triolein, 48 *56%; Triolein, 1 *4%. 

94. Glyceride Constitution of the fixed oil from the seeds of 

Swietinia macrophylla, 

A, N. PoTi and K. Ramachandran Nair (Trivandrum) 

Oxidation Method— 

1. The oil was oxidized by acetone permanganate and fully saturated 
glycerides separated. 

2. From the oxidation mixture, after the removal of products easily 
soluble in sodium bicarbonate (like triazelain) and aliphatic acids the mixture 
of mono-and di-azelaoglycerides is dried and weighed and its saponification 
value determined. 

3. The azelaic mixture was extracted with 10% sodium bicarbonate 
which removed only the diazelaoglycerides. It was regenerated, dried and 
saponification value determined. 

4. From the values of (2) and (3) and knowing the amount of saturated 
acids present in the oil the value of mono- and di-azelaoglycerides were calcu¬ 
lated. 

5. Thus the different types of glycerides present in the oil are: (1) Fully 
saturated glycerides, 12 *38%;! (2) Disaturated mono-unsaturated glycerides, 
12*69%; (3) Monosaturated diunsaturated glycerides, 46*74%; (4) Tri- 
unsaturated glycerides, (by diff.) 28*19%. 

95. ; 6-Amino-a-methyl indole-2-carboxylic acid ethyl ester. 

S. H. Zahebr and V. S. Misra (Lucknow) 

The above mentioned compound, first claimed to have beeii prepared 
by Reissert and Heller (5er., 1904. 37; 4364) Was prepared by us by a new 
method in the expectation that the compound and more particularly its 
methyl derivatives might have theraupetic properties. While Reissert 
and Heller obtained a yield of only 10%. we succeeded in obtaining a 57% 
yield. 
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The starting material was 2 ; 4 dinitrophenyl acetoacetic ester prepared 
by the method of Borsche (Ber.. 1909. 42; 601) and not by the method of Day 
and Doraiswami (JJ.C.S,. 1933. 10; 309-20) which proved completely un¬ 
successful. By adopting minor modifications of the Borsche method we 
succeeded in obtaining an almost theoretical yield of 2 ; 4-dinitrophcnyl aceto¬ 
acetic ester. 

2 : 4 -dinitro-phenyl acetoacetic ester on reduction with iron powder and 
water in presence of small quantities of ferrous sulphate as catalyst gave a 
57% yield of 6 -amino-a-methyl-indole 2-carboxylic acid ethyl ester. 

The identity of this compound was established by analysis and by the 
preparation of the benzoyl and 2 ; 4 dinitro chlorobenzene derivatives. The 
compound also gives a positive carbylamine test. 

On rnethylation, the amino compound yields a crystalline derivative 
(m.p., 101 - 102 °) whose identity has however not yet been fully established. 


96. Chemical Investigation of the Bitter-Principle of Swietenia 
Mahogani, 

K. A. Latiff and S. S. Guha Sircar (Dacca) 

The bitter principle from the seeds of Swietenia Mahogany (N. O. 
Meliaceae) was found to have a tentative molecular formula of C 21 H 30 O 7 . 
It contained no rdtrogen and no aldehyde or ketone or glucosidal group,, but 
contained possibly a tertiary alcohol, two methoxy and a lactone-group. It 
was unsaturated and combined with one mol. of bromine and one mol. of 
hydrogen. 


97. Constitution of the jSjS-diaryl glutaric acids synthesised from 
phenols. 


V. M. Dixit and V. U. Padukone (Dbarwar) 


When phenol is condensed with acetone dicarboxylic acid in the pre¬ 
sence of 75% sulphuric acid, the product contains a dibasic acid (m.p. 234" C. 
decomp.) in addition to the expected coumarin-4-acetic acid (m.p., 176° C. 
decomp.). Dixit and Gokhale (/. Univ. Bom., 1934, 3 , 80) have suggested 
a constituUon of ^^-di- 2 -hydroxyphenyl-glutaric acid for the new acid 
assuming that the condensation takes place in the ortho position to the -OH 
of the phenol. Gogte (Proc. Ind. Acad. ScL, 1935, 
^w®ver assigns a constitution of ^iS-di-4-hydroxyphenyl-glutaric 
acid for the same compound on the basis of a para condensation. 


On heating with 95% sulphuric acid, the dibasic acid (m.p. 234° C.) gave 
a good yield of coumarm-4-acetic acid (m.p. 176° C. dccomp.) as observed 
by Dixit ^d Gokhale (Joe. cit). The acidic filtrate from the above experi- 
ment, on brommation, gave the expected tribroraophenol (m.p. 93 " C.) and 
a mbasic acid contaimng bromine. This dibasic acid is considered to be a 


acid (m.p. 234° C, decomp.) was converted to its 
(toethyl denyative (m.p. 156 C.). This compound was found identical 
obtamed by the condensation of anisol with 
either the fi-4-methoxyphenyl glutacomc acid (m.p. 176° C decomo) 
or the ^- 2 -methGxy-phenyl glutaconic acid (m.p. 155° C. decomp.) in file 

appears therefore that the constitution 

^®comp.) is not symmetrical as 
represented before but is unsymmetncal as in (A). 
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98. Synthesis of Hydro-coumarins: 3 :4-dihydro-coumarin-4" 
acciic acid. 

V. M. Dixit and V. U. Padukone (Dharwart 


Coumarin-4-acetic acid which was prepared by condensing phenol with 
acetone dicarboxylic acid in the presence of 75% sulphuric acid according to 
the method of Dixit and Gokhale (/. Univ, Bom., 1934, 3, 80) was reduced 
by sodium amalgam in alkaline solution. The product consists of (A) a 
monobasic acid and (B) dibasic acid. 

The monobasic acid is considered to be the 3 :4-dihydro coumarin-4- 
acetic acid and the dibasic acid to be the ^-2-hydroxy-phenyl glutaric acid. 



Alkali 


< - 

Heating at m.p. 


OH 

\/«< 


CHsCOOH 

CH2COOH 


I 

CH 2 COOH 

(A) m.p. Ur C (B) m.p. 166^^ C (decomp.) 

(A) can be converted to (B) by hydrolysis with alkali and the reverse change 
is brought about by heating (B) slightly above its melting point. The identity 
of the glutaric acid (B) was confirmed by methylating it and identifying the 
methyl derivative with a-2-methoxy phenyl glutaric acid which was prepared 
from the known j5-2-methoxy phenyl glutaconic acid (m.p. 155® C. decomp.) 
by reduction with sodium amalgam (Dixit, /. Ind. Chem. Soc., 1931, 8, 787). 
The jS-2-methoxy phenyl glutaconic acid was obtained by subjecting 
coumarin-4-acetic acid to hydrolysis and methylation (Gogte, Froc. Ind. Acad. 
ScU, 1934, 1, 48). 

The work is being extended to coumarin-4-acetic acids prepared from 
other phenols, cresols and naphthols. 

3 
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99. Synthesis of ^;8-diaryl glutaro-lactones. 

V. M. Dixit and V. U. Padukone (Dharwar) 


With the object of securing a direct synthesis of some of the /5/5-diaryl 
glutaro-lactones described by Dixit, Kankudti and Mulay (/, bid. Chcm. Soc., 
1945, 23, 207), ,^^-di-2-hydroxy phenyl-glularic acid (m.p. 234''C dccomp.) 
was prepared by the method of Dixit and Gokhale (/, Unh. Bom., 1934, 3, HO) 
and then heated for a few hours with phosphorus oxychloride in a dry atmo¬ 
sphere. Instead of the expected neutral dilactone, the product was found 
to be a monobasic acid (Eq. Wt. 300) which melted at a high temperature 
(above 260° C.) with charring. It was sparingly soluble in most of the organic 
solvents, but could be crystallised from a large quantity of glacial acetic acid. 
It gave a ^een colouration with ferric chloride ^and a sparingly soluble sodium 
salt. It gives the original glutaric acid (m.p. 234° C. dccomp.) by hydrolysis 
with alkali and coumarin-4-acetic acid (m.p. 176° C. decomp.) by the action 
of hot cone, sulphuric acid. 

The new acid is therefore considered to be a monolactonic acid of the 
formula (A). 


0 

/\/\ 


,CO 


iCH, 


\/\X 

c 

/\ 

C6H4OH CHgCOOH 
(A) m.p. above 260° C. 


/\yOH 


DH2COOH 


\/>< 

C6H4OH/ ^CIIaCOOH 
(B) m.p. 234° C. (decomp.) 


The action of phosphorus oxychloride has been extended to the other 
jSp-diaryl glutaric acids and the constitution of the resulting monobasic acids 
is being further investigated. ' 


100. The fixed oils from the livers of Ballistis. 

K. Sadasivan Pillai and N. S. Varier (Trivandrum) 

Large shoals of Ballistis visit the Travancore Coast every year, the maxi¬ 
mum being once in six years. Considerable quantities are caught every year 
The demand for the fish being poor, its oil is extracted in quantities. 

. physical and chemical characteristics;—Density 

(at 31° C.), 0-9275; Refractive Index (at 28° C), 1*450; Acid value, 2*436* 
Sap Value, 192*05; Reichert-meissel Value, 0*2574; Reichert-Polensko 
(Wij’s), ^149-5; Acetyl Value, 127-12: Hchner 
Value, 83-71; Mean Molecular weight of mixed fatty acids, 331-9- Solid 
Fatty Ad^, 55 -7%; Liquid Fatty Acids, 39-0%; Iodine Value of mixed 
acids, 157-2; Unsapomfiable matter, 1-175%. 

Further work is in progress. 

101. Chemical examination of the tubers of Cyclea bunnanni, 

Part IIT. 

P. V. Nair and (Miss) P. Saradamma (Trivandrum) 

.hi 1 of this series (/its. Proc., 1946) the authors have reported 

isolation of two alkaloids (m.p. 218' and 158'C.) from the tubera of 
CycUa burmamu are being provisionally named “Burmannine” and 

Burmannahne . Buimannine on oxidation with permanganate in acetone 
solution furnished a mtrogen-free add (m.p. 307'-310' C.) which is under 

P® “id “d of the ziM duft 

distillation of the alkaloid are also set forth in the paper. 
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102. Chemical examination of the roots of Tiliacora racemom. 
Part IL 

•P. V. Nair and (Miss) P. Saradamma (Trivandrum) 

The isolation of a well-defined crystalline alkaloid (m,p. 204*5° C.) from 
the alcoholic extract of the roots was reported in a previous communication 
(,Abs. Froc,, LS,C,, 1947). In its properties and derivatives, the alkaloid had 
very little in common with tiliacorin (m.p. 260° C.) which Van Itallie and 
Steen Hauer (X Soc, Chem, Ind., 1923, 153 A) isolated from the bark of 
Tiliacora accuminata. The preparation of some of the derivatives of the new 
alkaloid and its oxidation with alkaline permanganate are described. 


103. Essential Oils of Travancore-—Part I. Oil from Cloves 
grown in S. Travancore. 

K. N. Gopinathan Nair, P. V. Nair and N. S. Varier 
(Trivandrum) 

Clove cultivation was recently started at Nagercoil in S. Travancore. 
The present paper deals with the constants of an oil distilled from a recent 
crop. The moisture-free material afforded 15*5 per cent, of oil which works 
to roughly 9 *4 per cent, on the bulk weight (including stalks) of the trade 
sample. The oil gave the following values:—Moisture, 8*8%; Ash Value, 
6 %; Density (30° C.), 1 *057; Acid Value, 1 *02; Sap. Value, 51 *85; Phenols 
(Absorption with 5% KOH), 92 *5%; Acetyl Value, 211 -2; Ref. Index (30° C.), 
1 *532. 


104. Molecular rearrangement of o-Acyloxy and o-Aroyloxy 
Acetoarones using Metallic Sodium. 

Sharad S. Pandit and Suresh Sethna (Bombay) 

Orcacetophenone diacetate was heated with pulverised sodium in toluene 
solution. The product obtained on acidification was found to be 7-hydroxy- 
4-acetomethyl-5-methylcoumarin. This on deacetylation gave 7-hydroxy- 
4 :5-dimethylcoumarin (Sethna and Shah, J, Ind, Chem., Soc,, 1940, 17, 242). 
ITiese compounds were directly compared with authentic specimens of the 
same prepared by Sethna and Shah. 

Work on the transformation of orcacetophenone dibenzpate and the 
diacetates and dibenzoates of quinacetophenone and respropiophenone is in 
progress. 


105. Chalkones from Orcacetophenone and its Monomethyl 
Ether. 


P. B. Mahajani and Suresh Sethna (Bombay) 

Orcacetophenone has been condensed with benzaldehyde, /j-hydroxy 
benzaldehyde and anisaldehyde in presence of very concentrated caustic potash 
solutions. The products obtained are found to be chalkone derivatives. The 
monomethyl ether of orcacetophenone similarly condenses with the above 
aldehydes to give the corresponding monomethyl ethers of the chalkones. 
TOe dihydroxy and the monomethoxy chalkones have been methylated and the 
dimethyl ethers have been obtained. 

The work on the condensation of 2-acetyl resorcinol and its monomethyl 
ether with the above aldehydes is in progress. 
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106. Bromination of Methyl 7-Hydroxy-4-methylcoumarin-6- 
carboxylate and its Methyl ether. 

V. J. Dalvi and Suresh Sethna (Bombay) 

Methyl 7 -hydroxy- 4 -methylcoumarin- 6 -carboxylate has been brominated 
with one molecule of bromine when methyl 7-hydroxy-3-bromo-4-methyl- 
coumarin-6-carboxylate has been obtained. This on methylation gave methyl 
7 -methoxy-3>bromo-4-methyl-coumarin-6-carboxylate identical with the pro¬ 
duct obtained on bromination of methyl 7-methoxy-4-methylcoumarin-6- 
carboxylate. The bromo compound on hydrolysis gave an acid which does 
not contain any bromine. 

Work on the bromination of the above ester and its methyl ether with 
excess of bromine and the bromination of methyl 5-hydroxy-4-mBthylcoumarm- 
6 -carboxylate and its methyl ether is in progress. 


107. Synthesis of Thioethers. 

G. V. Jadhav and J. R. Merchant (Bombay) 

Thionyl chloride is condensed with o-hydroxy acetophenone, resaceto- 
phenone, 2-hydroxy-4-methoxy acetophenone, 2-hydroxy-4-benzoyloxy acetoe 
phenone, 4-^7-benzoyl resacetophenone and phloracetophenone in presenc- 
of finely divided copper, when 3 :3'-diacetyl-4 :4'-dihydroxy-diphenyl thio- 
ether, 3 :3'-diacetyl-4: 6-4': 6'-tetrahydroxy"diphenyl thioether, 3 : 3'-di-acetyl- 
4 : 4'-dihydroxy-6 : 6'-di-methoxy-diphenyl thoiether, 3 : 3'-diacetyl-4 : 4'-di- 
hydroxy -6 : 6 '-diben 2 oyloxy-dii)henyl thioether, 3 ;3'-diacetyl- 4 :4'-dihydroxy- 
6 : 6'-dibenzoyloxy-diphenyl thioether and 3: 3'-diacetyl-2 :4 : 6-2': 4': 6'-hexa- 
hydroxy-diphenyl thioether are obtained. The constitution of these thio¬ 
ethers has been proved by nitration when known nitro derivatives are obtained, 
g.g., the thioether from resacetophenone gives 5-nitro-resacetophenone on 
nitration. The thioethers are also brominated under different conditions 
when bromo derivatives containing jboth sulphur and bromine, as well as 
bromo derivatives without sulphur are obtained. The action of sulphur 
monochloride and sulphur dichloride on the above ketones has also been 
studied. The work is further extended to 2-acetyl resorcinol and its deriva¬ 
tives. 


108. Esterification of ortho and para orsellinic acids and phloro- 
glucinol carboxylic acid. 

P. R. Saraiya and R. C. Shah (Bombay) 

Esterification of certain aromatic polyhydroxy acids which undergo 
dec^bojcylation readily cannot be carried out by the usual method of inter¬ 
action with alcohols in the presence of sulphuric acid or hydrochloric acid. In 
the case of ortho and para orsellinic acids, only the methyl esters have been 
prepared by means of diazomethane. 

However, by refluxing such acids in dry acetone with dialkylsulphate or 
dialkylhalide in presence of sodium or potassium bicarbonates under con¬ 
trolled conditions, it was possible to prepare such esters in good yield. 

Thus, the methyl esters of the above acids and phloroglucinol carboxylic 
acid were prepared in 70-90% yield by refluxing for 8-12 hours with 1 -25 
moles of dimethyl sulphate and 1 *5 moles of dry sodium or potassium bicarbo¬ 
nate. The ethyl esters of ortho and para orsellinic acids which have not been 
previously prepared from the acid were obtained in 70% yields by refluxing 
for 12 hours with 3 moles of ethyl iodide and 1 *5 moles of sodium or potassium 
bicarbonate. 
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109. Addition products of anils and some metallic chlorides. 

V. M. Thakor and R. C. Shah (Bombay) 

Anils, from aniline, <7-anci /?-toluidine, o-anisidine, etc., and j5-ketonic 
esters, have been found to give well-defined crystalline addition products with 
zinc, mercuric and cadmium chlorides. Reference to literature reveals that no 
such addition products are known so far. 


110. Condensation of butyl chloral hydrate with aromatic, 
hydrocarbons and their halogen derivatives. 

Miss L. H. Dalal and R. C. Shah (Bombay) 

a : a : ^-trichloro-/7-butaldehyde hydrate was condensed with chloro¬ 
benzene with a view to obtain a compound of possible insecticidal activity. 
This compound was proved to be a : a-bis-(/?-chlorophenyl)-je : jS : y-trichloro- 
«-butane, by refluxing with alcoholic potassium hydroxide and oxidising the 
resulting compound to the diaryl ketone—j?: p'-dichlorobenzophenone. Pre¬ 
liminary tests with this product have shown that it possesses a marked insecti¬ 
cidal activity. 

Condensation products similar to that obtained in the condensation of 
a : a : jS-trichloro-n-butaldehyde hydrate and chlorobenzene were obtained 
in the condensation of benzene, bromobenzene and naphthalene with 
a : a : fl-trichloro-w-butaldehyde. In all these condensations two molecules 
of the hydrocarbon or halohydrocarbon have been found to take part. 

In the condensations of anisole and phenetole with a: a: / 5 -trichloro-/ 2 - 
butaldehyde, however, it has been found that only one molecule of the phenolic 
ethers takes part in the reaction, mono-condensation products being obtained. 


111. Equilibrium in the reaction between sulphonyl chlorides 
and sulphuric acid. 

D. V. JosHi and R. C. Shah (Bombay) 


That sulphuric acid has a decomposing action on sulphonyl chlorides, 
was observed for the first time by Shah and Kulkami in \his laboratory 
(Kulkami, M.Sc., thesis, Bom. Univ., 1944). This explained why large excess 
of chlorosulphonic acid is required in obtaining sulphonyl chlorides in good 
yields. 

This observation indicated the reversibility of the general reaction: 

RSOaCl 4 - H2SO4 ^ RSO2 -OH f CISO3H 
In the present work the existence of equilibrium, above suggested, has 
been definitely experimentally established in the cases of benzene sulphonyl 
chloride and p-toluene sulphonyl chloride by studying the reactions from both 


The decomposing action of 100% sulphuric acid on benzene sulphonyl 
chloride has also been studied at various temperatures and with different 
proportions and has been found to be increasing with the increase in tempera¬ 
ture and proportion of the sulphuric acid. 


112. Investigation of some methods of determining the glyceride 
composition of fats. 

V. V. Mhaskar and B. V. Bhide (Poona) 


For the estimation of fully saturated glycerides in a fat, Hilditch and Lea 
(JCS 1927 3106) developed a method which depends on the potassium 
permanganate oxidation of the fat in acetone solution. This method has 
hetn further extended for the estimation of fully saturated, dlunsaturated and 
monounsaturated glycerides in a fat, by ICartha and Menon (Pmc, Ind. Acad* 
Set, 1943, 17 A, 114. 
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In the present work the method has been tested by preparing synthetic 
fats of known glyceride composition and analysing them according to ICartha 
and Menon*s procedure (Joe. cit.). A mixture of tristearin, triolein, oleo-' 
distearin and dioleostearin was prepared and analysed. The results indicate 
that the method is reliable within certain limitations which are discussed. 

113, Studies in the chemistry of chromones—Part I. 6-hydroxy 
chromones. 

T. R. Ingle and N. L. Phalnikar (Poona) 

The preparation of 6 -hydroxy substituted chromones seemed to be of 
interest as very few of them are known and are synthesised. 

By the interaction of 2 acyl hydroquinones, ethyl formate and sodium, 
the following 6 hydroxy-3-alkyl (aryl) chromones have been prepared. 

(1) 6 -hydroxy chromone, m.p. 241 (lit. 243), acetyl derivative, m.p. 126 

(lit. 126). (methyl ether, m.p. 97-98). 

(2) 6-hydroxy-3-ethyl chromone, m.p. 180 (acetyl, m.p. 90: methyl ether 

m.p. 66 ). 

( 3 ) 6 -hydroxy- 3 -benzyl chromone, m.p. 226 (acetyl, m.p. 128). 

(4) 6-hydroxy-3-phenyl chromone (6 hydroxy isoflavone), m.p. 215, 

(acetyl, m.p. 152, methyl ether, m.p. 171). 

Further work is in progress. 


114. Amino (substitiited) diphenyl methanes. 

M. V. Patwardhan and N. L. Phalnikar (Poona) 

Recenly it has been shown that alkyl amines of the type 
-N 

R'/ 

(puu Hoi, Nature, 1945, 156, 392) have antitubercular properties (cf. 
Massie, Iowa State College, J. Set, 1946, 21 , 41): Borrows et al, J.C.S., 
1947, 197). 

We have prepared similar amines but with substituted phenyl groups in 
place of R in the above formula. A series of o-amino substituted diphenyl 
methanes (substituents, OCH 3 , Cl, Br in one or both the phenyl groups) have 
been prepared and characterised by suitable derivatives, by the reduction of 
the corresponding substituted benzophenone oximes. 

The antibacterial properties of these compounds are being studied. 


/R' 

\r' 


115. Azo dyes from Sulpha drugs and naturally occurring quinone 
colouring matters. 

N. L. Phalnikar (Poona) 

Embellin, 2 :5-dihydroxy-3-undecyl-j?-benzoquinone (Nargund and Bhide, 
J. Ind. Chem. Soc., 1930, 8 , 237; Asano and Yaraaguti, /. Pharm, Soc. 
(Japan), 1940, 60, 36) is a naturally occurring quinone. It has been coupled 
with diazo salts from various sulpha drugs such as sulphanamide, sulpha- 
pyridine, sulphathiazole, sulphapyrimidine, etc. The resulting azo dyes are 
dark red coloured substances, having very high melting points. 

Similar azo dyes are being prepared from other naturally occurring 
quinones such as lawsone, juglone, etc. 

The antibacterial properties of these azo dyes are being studied. 
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116. Synthesis of a-Alkyl tricarbyllic acids. 

N. L. Phalnikar (Poona) 

Agaricic acid is supposed to have anti tubercular properties (Roberts 
Nature, 1945, 155, 698). Agaricic acid is cetyl citric acid, or a-cetyl-jS- 
hydroxy tricarbyllic acid. As attempts at the synthesis of agaricic acid have 
so far failed, it was thought that simpler a-alkyl tricarbyllic acids might be 
synthesised and their antibacterial properties might be studied. Hence a 
series of a-alkyl tricarbyllic acids (alkyl group == propyl, /?-butyl, isoamyl 
71-hexyl, iso-octyl, cyclohexyl, etc.) have been synthesised by the Michael 
reaction between dimethyl maleate and diethyl alkyl malonates. The a-alkyl 
tricarbyllic acids, obtained by acid hydrolysis, have been characterised by 
suitable derivatives. 

The acids are being tested for their antibacterial properties. 

117. Chemical Investigation of Hippocratea indica (Willd.) (N.O. 

Celastraceae). 

N. L. Phalnikar (Poona) 

The investigation of this plant was undertaken at the suggestion of the 
Forest Utilisation Officer, Government of Bombay, Bombay. 

The plant, Hippocratea indica, is found widely distributed in South Canara 
Districts of the Bombay Presidency, where it is known as ‘ Kangana Bally 
It is also reported that a decoction of the bark of the plant is used successfully 
for pneumonia. The bark and roots of the plant were, therefore, subjected 
to chemical analysis. 

The alcohol extracts of the roots and the bark gave a substanie, m.p. 
187, which has been identified as dulcitol by its analysis and acetyl derivative 
(m.p, 169) and oxidation to mucic acid (m.p. 212-213). 

A colouring matter has been also isolated and is under investigation. 

118. A new glucoside from Hydrocotyle asiatica Linn. (N.O. 

Umbelliferae). 

N. L. Phalnikar (Poona) 

Recently it has been reported that a glucoside, Asiaticoside (m.p. 232, 
mol. wt., 415, faL = — 15 -73 in 60% ethyl alcohol from Hydrocotyle asiatica, 
N. O. Umbelliferae (Bontemps, Bull Set, Pharmacol, 1941, 49, 186) is an 
effective remedy against leprosy. 

In the present work a new glucoside has been isolated from the plant 
collected from the neighbourhood of Poona), by extraction of the plant with 
alcohol. On purification, it crystallised from alcohol in cubes and had m.p. 
284 with decomposition (mol. wt., 732, 742 (cryscopic, solvent alcohol) 
[a]j 5 = — 32 in absolute alcohol). From the analysis and using the above 
mol. wt., the molecular formula of the new glucoside comes out to be 
C^oHogOio. On hydrolysis with concentrated hydrochloric acid it gave a 
reducing sugar and an aglucone, giving the characteristic reactions of sterols. 
Further work is in progress. 

Dr. Dharmendra, of the School of Tropical Medicine, Calcutta, reports 
that this glucoside has no action on M. Tuberculosis even in a concentration 
of 20 mgms. per 100 c.c. 

I 

119. A new synthesis of Cadalene. 

SuKH Dev and P. C. Guha (Bangalore) 

Cadalene, the important dehydrogenation product of some of the sesqui¬ 
terpenes, was originally synthesised by Ruzicka and Seidel (He/v. Chim, Acta,^ 
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1922, 5, 369) by a comparatively lengthy procedure. A new and much 
simpler procedure for its synthesis has been achieved. 

;?-Cymene was condensed with methyl succinic anhydride in presence of 
anhydrous aluminium chloride to give a“methyl-^-(p-cymoyl-2)-propionic 
acid, m.p. 118-119°, the structure of which has been established by a straight 
forward synthesis, starting from 2-acetyl-p-cymene. 

The keto-acid was reduced by Cleramensen*s method using Martin’s 
modification {J. Amer. Chem, Soc., 1936, 58, 1438), yielding a colourless 
slightly viscous liquid, b.p., 182-85°/6mm. The ,s-methyl, y-(p-cymyl-2-)- 
butyric acid was cyclised with aluminium chloride, via., the acid chloride to 
yield the corresponding tetralone, b.p. 136-l38°/2 mm. The tetralone was 
reduced wth sodium in moist benzene to give the secondary alcohol which 
was dehydrated with anhydrous formic acid. The resulting hydrocarbon, 
b.p. 132-138°/9mm. was completely aromatised by dehydrogenation with 
selenium to give 1 :6-dimethyl-4-isopropylnaphthalene or cadalene. 

120. The Cyanine dyes of the Pyridine Series—Part VI. 

M. Q. Doja and Kailash Bihari Prasad (Patna) 

The influence of the presence of several p-dialkyl-amino-styryl groups 
on the sensitising power of a cyanine dye, has been studied. A new type of 
cyanine dye has been synthesised and examined, by the condensation of 
collidine methiodide with p-dimethyl—and />-diethyl aminobenzaldehyde. 

121. Synthesis of Cyanine dyes by the condensation of j?-di-ethyl" 

amino-benzaldehyde with appropriate heterocyclic com¬ 
pounds—Part IV. 

M. Q. Doja and Jogesh Chandra Banerji (Patna) 

Four new dyes have been synthesised by the condensation of jo-di-ethyl- 
ammo-benzaldehyde with 6-chloro-6-bromo, 6-methoxy-, 6-ethoxy-2-methyl 
benzothiazole-methiodides in absolute alcohol medium using piperidine as 
catalyst. 

Their absorption spectra, sensitisation spectra and other properties have 
been studied. 

122. Studies in Sulphonamides: Action of alkyl and aryl amine 

on benzene-1 : 4-disulphonyl chloride. 

M. Raghavan, B. H. Iyer and P. C. Guha (Bangalore) 

In view of the increasing importance of sulphonamide type of compounds 
in chemotherapy, it was thought desirable to prepare a series of disulphon- 
amides of the general formula R-NH-SOj-CaHi-SOa-NH-R, (para) where 
R is aryl or alkyl residue, and test the pharmacological activity of the com¬ 
pounds. 

The action of benzene-1 :4-disulphonyl chloride prepared according to 
the method of Drushel and Felty {Amer, J. Scu, 1917, 43, 57) on the following 
24 amines has been studied and the products of reaction isolated and charac¬ 
terised. The amines used are methyl, ethyl, 2-pentyl, and isopropylpropyl- 
amines, ortho and para toluidines, ortho, meta and para xylidines, para- 
anisidine, 77 -phenetidine, o~ and i?-chloranilines, /w-bromaniline, a and s 
naphthylamines, ;7-phenylenediamine, benzidine, ^?-tolidine, a-aminopyridine 
diaminodiphenyl sulphide and sulphone and phenyl hydrazine. The reaction 
was conducted in benzene and the products were ciystallised from alcohol 
acet 9 ne or water. All the products are soluble in dilute alkali. The thera¬ 
peutic properties of these compounds are under investigation. 
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123. Action of aromatic hydroxy compounds on benzene-1 : 4- 

disulphonyl chloride. 

M. Raghavan, B. H. Iyer and P. C. Guha (Bangalore) 

Carr and Brown (J. Amer, Chem. Soc., 1947, 69, 1170) have synthesised 
some p-alkoxybenzenesulphonic acid esters as possible local anaesthetics by 
reacting alkoxybenzenesulphonyl chloride with aliphatic alcohols (c/. Sen, 
/. Ind. Chem. Soc., 1946, 23, 383). With a view to study the pharmacological 
properties of benzene (I : 4) disulphonyl esters, benzene-i : 4-disulphonyl 
chloride has been reacted with 11 aromatic hydroxy compounds in acetone 
solution in the presence of sodium carbonate and the resulting sulphonyl 
esters have been isolated and characterised. The hydroxy compounds used 
are phenol, o- and p-nitrophenol, 2 :4-dinitrophenol, o- and p-chlorophenols, 
m- and ;7-cresols, a and /3 naphthols and methone. Some of the reactions 
were repeated in presence of diethylaniline but the products were identical 
with the esters mentioned above. All the disulphonyl esters are crystalline 
compounds with definite melting points. The therapeutic properties of these 
compounds are under investigation. 

124. Organo-arsenicals: Sulphonyl Esters of Hydroxyphenyl- 

arsonic Acids. 

A. C. Roy B. H. Iyer and P. C. Guha (Bangalore) 

A number of arylsulphonamides have been prepared by the action of 
arylsulphonyl chloride on aminophenylarsonic acids and tested phramaco- 
logically (Hewitt, King and Murch, J.C.S., 1926, 1365). A survey of the 
literature showed that very little study has been made of the compounds 
expected to be formed by the action of arylsulphonyl chlorides on hydroxy- 
phenylarsonic acids. 

, Nineteen sulphonyl esters of the general formula R -SOaO -CgBs -RK 
AsOgHa have now been prepared by the action of (i) benzene-, (ii) p-toluene- 
(iii) p-chlorophenyl-, (iv) p-acetaminophenyl-, (v) ^-naphthalene-, sulpho- 
chlorides on (a) 4-hydroxy-, (d) 3-nitro-4-hydroxy-, (c) 3-acetamino-4-hydroxy-, 
plienyl-arsonic acids, and characterised. They are under pharmacological 
examination. Some of these esters have been reduced to the corresponding 
arseno-compounds. 

125. Studies in Rosin: Destructive Distillation' of the Rosin 

from Ffnus excelsa, 

L S. Patel, B. H. lYEk and P. G. Guha (Bangalore) 

The rosin from Pinus excelsa has been submitted to destructive distillation 
and a preliminary study of the gaseous and liquid products has been made. 
The gases evolved during distillation consist of carbon dioxide (64*1%), 
carbon monoxide (9 *3%), oxygen (3 -7%), hydrogen (7 *0%), satuiated hydro¬ 
carbons (13-0%), unsaturated hydrocarbons (2*9%). The crude distillate 
(75% on the weight of rosin) boiling' from 80°-400® C. at ordinary pressure 
was collected into six primary fractions, which were further fractionated by 
redistillation at ordinary and reduced pressures. The physical constants' 
like specific gravity, refractive index, optical rotation and viscosity of each 
of the fractions have been determined. Further work on the isolation and 
characterisation of individual compounds is in progress. 

126. Studies in Antimalarials: Some Biguanide Derivatives. 

H. L. Bami, B. H. Iyer and P. C, Guha (Bangalore) 

In continuation of the work on the synthesis of substituted biguanide 
derivatives as possible antimalarials (Bami, Iyer and Guha, /. Indian Inst. 
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Set, 1946,29 A, I; Indem, Cun. Set 1947, 16, 252, 254) some more com- 
poxmds of this type have been prepared in order to test their antimalarial 
activity against avian malaria. 

2:4-I)ichlorophenylcyanoguanidine has been prepared by denitro- 
genating the azo-dye obtained after reacting 2: 4-dichlorophenyldiazonium 
chloride with dicyandiamide, and reacted with hydfochloridos of dimethyl- 
amine, isoamyl amine and isopropyl amine to give N^-2 :4-dichlorophenyl- 
l^*^-alkylbiguanide hydrochlorides. 

Phenylcyanoguanidine has been reacted with 6-methoxy-2-aminobcnzo- 
thiazole hydrochloride to give Ni-phenyl~N'^““6-methoxy-2-bcnzothiazolyl- 
biguanide hydrochloride. Further work on the synthesis of compounds of 
these two groups is in progress. 


127. Denitrogenation of Arylazocyanoguanidines. 

H. L. Bami, B. H. Iyer and P. C. Guha (Bangalore) 

With the discovery of antimalarial action of substituted biguanide 
derivatives (Curd and Rose, J.C.S^, 1946, 729) and further work on similar 
lines (Bami, Iyer and Guha, J. Indian Inst. Set., 1946, 29 A, 1; Cun. Set, 
1947, 16, 252), it is required to synthesise various substituted arylcyano- 
guanidines as important intermediates. These compounds have been pre¬ 
viously reported by Walther and Greeshiemer [J. fur. Prakt. Chem., 1915, 
19 (ii), 218] and WTieeler and Jamieson (/. Amer. Chem. Soe., 1903, 25, 719), 
Walther and Greeshiemer’s method has now been modified, extended and 
improved. 

Curd and Rose (Joe. eit.) have denitrogenated the triazincs in a mixture of 
^-ethoxy-ethanol and hydrochloric acid, while we have denitrogenated 
p-chioroprophenylazocyanoguanidines and similar other p-substituted phcnyl- 
azocyanoguanidines in a mixture of any of the following solvents and acids 
at 3()®-^0° in about an hour: 

Solvents .—Formic acid, acetic acid, acetone, methyl-ethyl-ketone, 
diethylketone, ethylene-chlorohydrin, methyl alcohol, ethyl alcohol 
propyl alcohol and dioxan. 

Aeids .—Hydrochloric acid, hydrobromic acid, acetic acid, sulphuric acid 
and nitric acid. 

It seems that the formation of a labile hydrochloride of the triazines is 
necessaiy, because it has not been possible to denitrogenate them by other 
methods without the use of acids. Failure to denitrogenate p-sulphamyl- 
phenylazocyanoguanidine also points towards a similar mechanism of 
reaction for such denitrogenations. 


128. Studies in Anlimajarials—Part I. Synthesis of some 
Methoxy-benzothiazole-carbamides. 

P. C. Guha and J. R. Guha (Bangalore) 


It has been found by workers in the domain of antimalarial drugs that 
compounds are most active when the methoxy group is in the position 6 of 
the quinoline ring and the nuclear nitrogen in the para-position to the methoxy 
group. Hence it was thought that compounds obtained by condensing various 
side chains to 2-amino-6-methoxy-benzothiazole may possess antimalarial 
prop^ies, as benzothiazole may be considered as a quinoline ring in which 
two CH groups are replaced by a sulphur atom. The following urea and 
substituted urea derivatives of methoxy-benzothiazole have been synthesised: 

1. R.NH.CO.NH 2 , 330° (decomp.). 

2. R.NH.CO.NH.Ph, m.p. 240°. 

3. R.NH.C0.NH.CeH4.0Me (p), m.p. 181°. 

4. R.NH,C0.NH.C6H4,0CH3 (p), m.p. 260°. 

5. R.NH.C0,NH.C6H4.CH3 (p), m.p. 236°. 

6. R.NH.CO.NH.C 8 H 4 .Me (o), m.p 252°. 

(R — 2-amino-6-methoxybenzothiazolyl) 
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129. Studies in Arrtimalarials—Part II. Synthesis of some 

5-substituted thioureas and guanidines of 2-chloro-7- 
methoxy acridine, 

P. C. Guha and J. R. Guha (Bangalore) 

2 : 5-Dichloro-7-methoxy acridine is an essential starting material for the 
preparation of Atebrin. Guha and Mukherjee (/. Indian Inst. ScL, 1946, 
28 A, Part IV, 70) prepared S-diethyl-aminoisopentyl-substituted semicarbazido, 
thiosemicarbazido, hydrazino derivatives of 2-chloro-7-methoxy acridine 
compounds. 

In the present paper is described the preparation of methyl, ethyl, phenyl-, 
0 - and p~ methoxyphenyl, o- and /?-tolyl, thiocarbamido derivatives of 2- 
chloro-7-methoxy-5-amino acridine. They have been prepared by the action 
of substituted thioureas with the 5-amino acridine compound (R = methyl, 
m.p. 278-79°; ethyl, m.p. 287-88°; phenyl, m.p, 276-78°; a-methoxy, m.p. 
282-84°; p-methoxy, m.p. 297-98°; <?-tolyl, m.p. 293-94°; p-tolyl, m.p. 
310-12°; 7z-propyl and «-butyl derivatives did not melt even at 360°. 

Work is in progress for the conversion of these thiocarbamido derivatives 
into guanidine compounds by treatment of the alkylthiolthiocarbamides with 
suitable alkyl, aryl and heterocyclic amines. 

130. Studies in Isolation, Estimation and Preparation of Deri¬ 

vatives of Cellulose. 

P. S. Varma and Abhaya Sinha (Benares) 

Cellulosic raw materials including bamboo, cotton waste, jute, hemp, 
flax, filter paper-cuttings, and cotton mill waste (broken, knotted threads, etc.) 
have been examined with a view to find out their cellulose contents and their 
suitability for the manufacture of synthetic fibres. 

The a and ^ cellulose have been determined gravimetrically and the y 
cellulose volumetrically. In some cases the y portion has been found to 
exceed the fraction. 

Di- and Tri-acetyl, benzoyl and phthalate derivatives have been prepared 
and their properties examined. The acyl groups estimated quantitatively 
by the volumetric method—^Eberstadt’s method (ind. and Eng. Chem. Ana- 
lytical edition, 1941, 13, 369). 

131. Chemical Examination of the Flowers of Bignonia yenesta. 

Prithwi Nath Bhargava (Benares) 

A new wax ^ Venestan ’ (m.p. 66-79°) has been obtained from the benzene 
extract of the flowers of Bignonia venesta. It has been crystallised from 
methyl alcohol in brownish yellow flakes. Its saponification value has been 
found to be 141-47 and saponification equivalent, 378-96. As a result of 
hydrolysis some ceryl alcohol (m.p. 78°) and palmitic acid (m.p. 63°) have been 
isolated along with a minute quantity of the unsaponifiable matter which has 
been found to give Liebermann-Burchard’s and Salkowski’s colour reactions 
and hence showing the nature of a phytosterol. The work on the ‘ Phyto¬ 
sterol ’ is in progress. 

132. Halogenation—Part XXXXI. Direct Bromination of 

Aromatic Ketones. 

P. S. Varma and Satyendra Varma (Benares) 

In continuation of previous work (Froc. Ind. Sci. Congress, 1947) in which 
it was shown that some aromatic ketones could be directly iodinated and iodo- 
derivatives obtained by the methods of Varma and Panicker (/./.C.^S., 1926, 
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3, 342), direct bromination of acetophenone, benzophenone, p-hydroxy- 
benzophenone, /i-methoxybenzophenone, /?-aminobenzophenone, 4; 4'-di- 
aminobenzophenone, 4 :4' -tetramethyl diaminobenzophenone, benzoin, benzil 
and anthraquinone have been carried on under similar conditions and good 
yield of bromo-derivatives obtained and some of them for the first time by 
direct bromination. 

133. The characteristics and composition of vegetable fats in 
relation to the habit of the plant—Papiiionaceae family— 
Part 11. 

M Nar^singa Rao and R. Subbiah (Waltair and Vizagapatam) 

Characteiistics and composition of seeds from six members of the 
Papilionacacese family, namely: (1) Erythrina Indica, (2) Pongamia glabra^ 
(3) Sesbania grandiflora, (4) Arachis, (5) Psoralea corylifolia, (6) Trigonella 
fenmgrcBCum are examined critically and their relationship to the stature 
of the plant has been ascertained. 

That the oils from seeds derived from trees are more saturated than 
those derived from herbs or shrubs within the close cycles of affinity has been 
observed in a previous paper in which the members of the Malvasci© family 
were chosen for examination. Herein, Papilionaceae family, the members of 
which yield oil-bearing seeds is examined to find out the relationship between 
the habit of the plant and the characteristics and composition of the oil of its 
seeds. 


134. Studies on Fries rearrangeement. 

A. B. Sen and V. S. Misra (Lucknow) 

In the present paper, Fries rearrangement has been studied for the first 
time, in the case of purely unsaturated aliphatic acids. A number of phenolic- 
esters of Oleic and LB Hexenic acids have been prepared and their rearrange¬ 
ment on treatment with anhydrous aluminium chloride studied. 

Oleic acid esters failed to give identifiable rearrangement products whereas 
six esters of Hexenic acid with phenol, <?, m and p-cresol. Resorcinol mono¬ 
methyl-ether and hydroquinone mono-methyl-ether have been obtained. In 
the case of oleic acid however, only three esters, v/z., o, m and p-cresol 
oleate, have been prepared. 

The LB Hexenic acid has been characterised by the preparation of the 
chloride and the amide. 

Only the phenyl and <?-cresyl esters, of Hexenic acid yielded a mixture 
of n-and p-hydroxyketones after the rearrangement, whereas the remaining 
esters formed exclusively the ortho-hydroxyketones. The ortho-hydroxy- 
ketones have been characterised by the preparation of their 2:4 dinitro 
phenyl hydrazones and the para-hydroxyketones through their benzoyl 
derivatives. 

135. Search for new Insecticides allied to DDT-rPart T. 

A. B. Sen and P. M. Bhargava (Lucknow) 

Two theories have been put forward concerning the remarkable insecti¬ 
cidal powers of dichloro-diphenyl-trichloroethane {Nature, August 11, 1945), 
One postulates that the toxic component is the linked p-chloro-benzene rings, 
while the chloroformic residue -CCI 3 imparts lipoid solubility (Laiiger, Martin 
and Muller, Helvetia Chim. Acta., 1944, 27, 892). According to the other 
theory the lipoid solubility is attributed to the chlorobenzene rings, while the 
remainderof the molecule is responsible for toxicity by splitting of HCl at 
the vital centres (Martin and Wain, Nature, 1944, 154, 512.) 

The authors have synthesised a number of new compounds containing 
these two groups which are jointly responsible for the insecticidal properties 
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of DDT, with a view to determine the more exact relationship between che¬ 
mical constitution and insecticidal properties. 

The following new compound have been s 3 nithesises by condensation 
of chloral with the Grignard compounds of p-chlorobromobenzene, o-chloro- 
bromobenzene and 1 , 2-dichloro 4-bromobenzene respectively:— 

1 , 1 , 1 -trichloro 2 -hydroxy 2 -p-chlorophenyl ethane—brilliant yellow- 
liquid, b.p.—196-98°/11 mm., with characteristic smell. Colour fades on 
keeping. 

1, 1 , l-trichloro 2 -hydroxy 2 -o-chlorophenyl ethane—brilliant red liquid, 
b.p.—196-98°/7 mm., with sweet smell. 

1 , 1 , l-trichloro 2 -hydroxy 2 -m-dichlorophenyl ethane—orange red liquid, 
solidifying to needles on cooling in ice. The colour gets discharged on keep¬ 
ing for a few months. Characteristic smell, b.p.—55-57°/5 mm. 

The insecticidal action and physical properties of the abovementioned 
compounds are under investigation. 

Bromination of chlorobenzene—^It has been found that the bromination 
of chlorobenzene without using CCI 4 as a diluting agent gives a theoretical 
yield of o-chlorobromobenzene, while if chlorobenzene is diluted with an 
equal volume of carbon tetrachloride, the bromination is less vigorous and 
a theoretical yield of /j-chlorobromobenzene is obtained. 

136. Search for new Insecticides allied to DDT—Part 11. 

A. B. Sen and P. M. Bhargava (Lucknow) 

The following new compounds have been obtained by the Friedel- 
Crafts’ reaction between trichloracetyl chloride and chlorobenzene, •o-.dichloro- 
benzene and p-dichlorobenzene respectively:— 

4-chloro 1-trichloroacetophenone—odourless black glistening plates from 
chloroform, insoluble in water, alcohol and ether, soluble in CHCI 3 and 
CCI 4 . Does not melt. 

3, 4-dichloro-1-trichloroacetophenone—light brownish-red liquid with 
characteristic smell. The colour begins to deepen immediately and in the 
course of few hours turns deep violet. Characteristic smell, b.p.—84-86°/36 
mm., 80-8r/28 mm. This is obtained in a higher proportion than the ortho¬ 
isomer. 

2 ,3-dichloro 1 -trichloroacetophenone—^brilliant yellow liquid turning 
dark reddish-brown in course of time, b.p.—‘99-101 °/22 mm. 

3, 6 -dichloro 1-trichloroacetophenone—^yellow liquid, darkening on keep¬ 
ing. Characteristic smell, b.p.—120°/1 mm. p-dichlorobenzene is very 
soluble in this compound and the latter could be purified only after five 
fractional distillations in vacuum. 

The insecticidal action and physical properties of these compounds are 
under investigation. 

137. Search for new Insecticides allied to DDT—Part III, 

A. B. Sen and P. M. Bhargava (Lucknow) 

The following new compounds have been obtained by the direct con¬ 
densation of trichloroacetyl chloride with the sodium salts of p-chlorophenol 
2, 4-dichlorophenol and resorcinol respectively:—^Ester of ;7-chlorophenol and 
trichloroacetyl chloride—light brownish-red liquid, b.p.—93-97°/2 mm., 
95-10075 mm. Refracive index at 23°-l‘5138, 

l^ter of p-chlorophenyl and trichloracetyl chloride^—light brownish-red 
liquid, b.p.— 93-9772 mm., 95-10075 mm. Refractive index at 23°-l*5138. 

Ester of 2, 4-dichlorophenol and trichloracetyl chloride—colourless liquid 
which acquires a slightly brownish-tinge on keeping. Phenolic smell, b.p,— 
163°/0*5mm., 16773 mm. Refractive index at 24°-l *5490. 

Ester of resorcinol (both-OH groups substituted) and trichloracetyl 
chloride—colourless liquid with characteristic snaell, b.p.—^95°/5 mm. 

The insecticidal action and physical properties of these compounds are 
under investigation. 
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138. Studies in Indigoid Dyes—Part V. 

SisiR Kumar Guha (Patna) 

In continuation of the work of Guha (/. Indian Chern. Sac,, 1935, 12, 
659; 1937,14, 709; 1938, 15,/359, 1944, 21, 391) on the studies of the influ¬ 
ence of a methyl radical in the* various available positions of the thionaphthenc 
nucleus of bis-2-thionaphthene-ethylene-indigo, 2-thionaphthcne-r-aceanthry- 
lene-indigo, benzylidene-2-thionaphlhene and its p-nitro-, and /;-dimcthyl- 
amino derivative, the present investigation was undertaken. 

7-chloro-2-hydroxy-thionaphthene (Dolgliesh and Mann, 1945, 

893) has now been condensed with glyoxal, aceanthrenc-quinone, bcnzal- 
dehyde, p-nitro-, and /?-dimethyl-aminobenzaldehyde. The new substances 
are all beautiful crystalline coloured compounds. The dyeing shades on wool, 
obtained from all the products from an acid bath, have been fully and uni¬ 
formly developed and those on cotton from the hydrosulphite vat havp also 
been developed well in the case of bis-2-(7-chloro) thionaphthene-ethylene- 
indigo and 2-(7-chloro) thionaphthene-l'-aceanthrylene-indigo only. 

139- Chemical Examination of the Nim Leaves (Melia azadir- 
achta), 

Chittaranjan Mitra and Salimuzzaman Siddiqui (Delhi). 

As an extension of the work carried out on the Nim seeds (Curr. ScL^ 
1942, 278; 1945, 4, 5), blossoms (J.S.LR.. 1947, 6 B, 19) and the root 

bark (PrqjC. Ind. Scu Cong,, 1947), the leaves of the plant which arc widely 
used for various skin affections, for the healing of unhealthy wounds and 
ulcers and also as a febrifuge, were taken up for investigation. Mature leaves 
collected locally in March were crushed after partially drying in shade and 
successively percolated with ether and then alcohol. The petrol ether insoluble 
fraction of the ethereal extractive yielded a water-insoluble amorphous bitter 
of an acidic character, melting at 90-110° C., (yield, 0 *6 per cent, on the weight 
of the fresh leaves). The petrol-ether soluble fraction of the ethereal extrac¬ 
tive yielded a sterol which did not show any depression in its melting point 
(137° C.). on admixture with nimbosterol (m.p. 137° C.) {loc. cit.). The 
carotenes present in this fraction could be separated from the sterol chromato- 
graphicaUy. From the alcoholic extractive of the leaves an amorphous brown 
acidic product, soluble in hot water, has been obtained through its lead salt 
(yield, 0 -2 per cent.). Further work is in progress. 

140. Mechanism of Monomolecular Reactions. 

B. Prasad (Cuttack) 

The simple Lindemann mechanism is defective as it postulates that the 
net rate of activation by collision is proportional to the concentration of active 
molecules. It has been suggested that the net rate of activation should be 
proportional to the difference between the theoretical and thef actual con¬ 
centration of active molecules. With this assumption it has been shown that 
if a molecule decomposes some time after activation the velocity constant 
would correspond to a unimolecular reaction if the concentration is not very 
low. At lower concentration the velocity constant would decrease and at 
still Ipwer concentration when all the activated molecules will have a chance 
of decomposing before they are diactivated, the reaction would become 
bimolecular. 

141. Chemical Investigation of the Seeds of Adenanthera 
pavonina Linn. 

C. S. Patel, C. C. Shah andn, p. Parikh (Baroda) 

Seeds^ of the deqduous tree Adenanthera pavonina Linn, are used in India 
for medicinal purposes. Oil from these seeds has been analysed and found 
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to have sp. gr. 0 *92, ref. index at 40° C. 1 *477, acid value 2 -43, sapn. value 
190, iodine value 95 *3, unsapn. matter 1 *08%, Polenske value 0*77, Reichert- 
Meissl value 1 *21. The alcoholic extract of the seeds contains a compound 
melting at 34° C. and is suspected to have an alkaloid. 

Further work is in progress. 


Biochemistry 

142. Preparation of Araylose from Unmodified Starch. 

P. N. JosHi and K. V. -Giri (Bangalore) 

A new method for obtaining amylose (a slight modification of Mac 
Cardy and Hassids method) has been standardised. The starch is leached out 
just below its gelatinisation temperature, and the extract is collected by 
centrifuging. To the clean extract, enougli ethanol is added to give 40% 
concentration of ethanol by volume. Amylose gets itself precipitated within 
two or three days. This preparation is compared to the one obtained with 
Thymol as a precipitant. The extent of retrogradation, the kinetics of 
en 2 ymic hydrolysis, and other factors have been studied. 

143. Agar plate method for differentiation of various starch 

fractions. 


P. N. JosHi (Bangalore) 

A method to distinguish between cereal and tuber starches as well as 
various amylolytic enzymes by using agar plate, as suggested by Giri was 
further extended to various starch fractions. A suitable explanation based 
on the differential rates of hydrolysis of the two fractions by various enzymes 
has been suggested to explain all the colour patterns. 

144. Studies in the Fractionation of Soluble Starch. 

P. N. JosHi and K. V. Giri (Bangalore) 

Various methods of fractionation of starch were studied. It was possible 
to obtain amylose, amylopectin, and some other dextrin-like fractions in 
reasonably good yield. It was found that amylopectin and amylose were 
precipitated together, when fractionally precipitated with the precipitating 
solvents. 

Even the so-called specific solvents gave a mixture of amylose and 
amylopectin. Suitable methods have been developed for the preparation of 
the two fractions. In the light of the above observations, the specific character 
of the above solvents, the inadequacy of the various methods used for 
determining and obtaining amylose, the heterogeneous character of amylose 
and amylopectin, and the mechanism of solubilisation are discussed in the 
paper. 

145. Varietal Differences in Amylose and Amylopectin Contents 

of Rice Starch and their influence on the Quality of the 
Cereal. 

A. R. Vasudeva Murthy, R. S. Subramanya andB. Sanjiva Rao 

(Bangalore) 

The amylose and amylopectin contents of starch from twenty different 
varieties of rice were determined by the potentiometric titration method of 
Bates, as modified by Schoch. The swelling numbers of these varieties were 
determined by the method described by B. S. Rao {lOth International Congress 
of Chemistry, Rome, 1938). A close correlation was found to exist between 
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the swelling'number of a rice and the amylose content of its starch. Starch 
having 17% amylose was present in varieties of rice with superior cooking 
quality. Rice of poor cooking quality was found to have starch of low 
amylose content. A few varieties of rice had no amylose at all in their 
starch. Parboiling did not alter the amylose content of rice starch. 


146. Studies on Groundnut Oil. 

K. Rama Murti and B. N. Banerjee (Bangalore) 

A random collection of 25 samples of groundnut oil in Bangalore 
showed that the f.f.A. varied from 1 to 7% with an average from 3 to 4%. 
Generally, a deeper colour^and flavour also indicates higher f.f.A., but the 
relationship is not directly proportional. Except in hydrogenation factories, 
the f.f.A. is not considered harmful. There are no limits of f.f.A. to debar 
consumption as human food though it is well known that rancid fats and 
oils destroy vitamins in the food and delay digestion and absorption. Ghani 
or Chekku oil is slightly better than expeller oil. Broken, mouldy and 
shrivelled grains raise the acidity of the oil 3 to 4 limes. Roasting or 
steaming of the kernels before extraction of the oil nearly doubles the f.f.A. 
of the oil. The processes of neutralisation, clarification and decolourisation 
of the oil, improve the quality of the oil but not its storage quality. By 
^refill screening and separation of broken, mouldy, and shrivelled kernels 
from healthy full size seeds, acidity below 1% can be obtained. Such an oil 
stores 3. to 5 times better than mixed oil from the same batch of seeds. 
While refining reduces the acidity below 0 -2% acidity, it does not improve 
storage property. The natural anti-oxidant or inhibitol present in the seed 
is destroyed and f.f.A, increases on storage. Groundnut oil (unrefined, raw) 
with f.f.A. below 1% is the best for edible purposes. Oils of higher acidity 
should be earmarked for industrial purposes only. 


147. Component Fatty Acids of Goat Milk Fat from Kathiawar. 
Soma Ku^^AR and B. N. Banerjee (Bangalore) 


A smple of goat-milk fat from Veraval (Junagadh, Kathiawar) has 
hem raalysed. On comparison with similar analyses, the effect of cotton¬ 
seed feed is evident A lower R.M. and high iodine value characteristic of 
cottonseed feed on cow and buffalo milk fat are observed. The results are 
interesting in that they confirm the data used for distinguishing, genuine 
cottonseed-area ghee from adulterated ghee. * 


148. The Composition of Papaya and Gooseberry Pectins. 

C. R. Krbhnamurti and K. V. Giri (Bangalore) 

Pectins prroared from papaya (Ow/ca papaya) and gooseberry (PAv//mi. 
tlm embhea) by acid and ammonium oicalate extractions, wore purified by 
^ysis, oxidation by bromme \rater and repeated precipitation with alcohol. 
The ash-free i^ins we*e subverted to acid hydrolysis. Galactose and 
arabmose were identified in the hydrolysates. 4-Galacturonic acid, the basal 

galacturonate. From the 
yields of furfuraldehyde, mucic acid and the barium contents of barium 
barium pTCtates the structural units of the two pectins were 
calcula.ted ^d were found to conform to the Nanji, Paton and Ling formula 
consistmgof4 galacturonic acids, 1 of arabinose and 1 of galactose. 

149. Prototropy and Antimalarial Activity. 

U. P. Basu (Baranagar, Calcutta) 

compounds—quinolines, acridines, guanidines sulnho- 
nanudes, are now known to exert a ch«notherapeutic action against’malSal 
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parasites. Their behaviour against the plasmodium and the changes involved 
in their molecule tends to establish the fact that the activity of antimalarial 
drugs is derived from their ability to participate in an essential biological 
system of the parasite. 

It is known that enzymatic reactions are virtually chemical in nature 
and would depend much on the mobility of the compound available for 
therapeutic action. The presence, or, the formation of a structure that 
allows prototropy for the existence of a mobile conjugated system seems to be 
responsible for the activity of a compound against malarial parasites. The 
sulphonamides and guanidines may belong to the former and the quinolines 
and acridines to the latter category. Sulphadiazine, mepacrine and quinoline 
are found to act through different mechanism. In the case of quinoline 
derivatives, only those that allow prototropic change for the formation of 
quinonoid structure, are active. 

150. On the Determination of Arsenic in Pharmacopoeial Arse- 
nicals. 

N. Ray and S. N. Mitra (Baranagar, Calcutta) 

Various arsenical drugs are now used in clinical practice, but no single 
method has been fixed up for standardisation of their arsenic content. The 
method for arsphenamine as has been adopted in U.S.P. XII is often followed 
in determining the common pharmacopoeial arsenicals but it is not suitable 
for sodium cacodylate. Further, it requires hydrogen peroxide which is not 
always available in standard quality. 

In the present paper, methods of determining arsenic have been discussed. 
In the course of this work it has been shown that the U.S.P. XII Arsphenamine 
method may be followed in determining arsenic in carbarsone, sulfarsphen- 
amine and sodium arsanilate even by replacing hydrogen peroxide by sodium 
oxalate. But a better and easier method for the determination of arsenicals 
whether pentavalent or trivalent would be the A.O.A.C. method that requires 
less chemicals and gives a correct indication of the arsenic content. 


151. The Volatile Fatty acid Contents of Glycerin. 

S. Bhattacharya (Baranagar, Calcutta) 

Glycerin is largely used in pharmaceutical industries and for dietetic 
purposes. But the glycerin must be very pure. Several tests have been laid 
down in B.P. and U.S.P. in order to ascertain the purity of glycerine. 
Various brands of this chemical are now available in the Indian market; 
but it is being noticed that one variety is superior to others in pharmaceutical 
preparations- The difference is being particularly noticed in the volatile fatty 
acid content. As there is no standard for the volatile fatty acid content of 
glycerine in any pharmacopoeia, the cause and effect of its presence and the 
necessity of fixing its limit in pure glycerine have been discussed. I 


152* Nutritive Value of Travancore Fishes—^Part I. 

K. SadasIVaN Pillai and N. S. Varier (Trivandrum) 

The nutritive value of the edible varieties of fish (indigenous to Travancore 
Waters) with respect to their fat, protein and mineral contents is being 
determined as part of a dietetic survey. The present paper deals with the 
data obtained on the following six varieties: (1) Arms sona (Cat-fish), 

a fhymns thymus (Tunny), (3) Ophtcephalus sp., (4) Lactarius sp. (Butter 
;h), (5) Sphyralna acittipinnis^ (6) Sdacena sp. 

^ Vitamins and trace elements are not determined in the present investi«» 
gations. 
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153. Relation between toxicity and physical properties of anti¬ 

septics—^Part I. Estimation of extremely dilute solutions 
of alkyl salicylic acids and p-alkyl phenols. 

M. R. Pai, N. L. Phalnikar and B. V. Bhide (Poona) 

In an investigation carried out in this laboratory to correlate toxicity 
with physical properties of several alkyl salicylic acids and p-alkyl phenols, 
it was necessary to estimate accurately extremely dilute solutions of these 
substances in water. Usual volumetric procedure was found to be unreliable. 

It was foimd, however, that potentiometric titrations could be carried out 
with advantage in the case of these substances and minute quantities of 
them could be estimated accurately. 

Standard alkali was used for the potentiometric titration of the alkyl 
salicylic acids and brominating solution for that of alkyl phenols. The 
method has been checked by estimation of solutions of salicylic acids and 
phenols of known concentration. 

154. Relation between toxicity and physical properties of anti¬ 

septics—Part II.. Adsorption of alkyl salicylic acids and 
p-«-alkyl phenols. 

M. R. Pai, N. L. Phalnikar and B. V. Bhide (Poona) 

The present communication deals with a study of the adsorption of 
alkyl salicylic acids and p-alkyl phenols on charcoal with a view to establish 
a relation between toxicity and adsorption. 

The adsorption index (I// 2 ) in Freundlich equation was expected to serve 
as a suitable function to represent adsorption but the Freundlich’s isotherm 
has been found not to hold good accurately for the series of compounds 
studied. 

The results are, however, discussed in relation to adsorption and the 
number of carbon atoms in the side chain. 

155. Relation between toxicity and physical properties of anti¬ 

septics—^Part III. Surface tension, adsorption solubility 
and toxicity of alkyl salicylic acids, alkyl phenols and 
alkyl resorcinols. 

M. R. Pai, N. L. Phalnikar and B. V. Bhide (Poona) 

The physical properties such as surface tension, adsorption on casein 
and solubility of alkyl salicylic acids, alkyl phenols and alkyl resorcinols 
have been studied in the present work. 

The toxicity of these compounds towards earthworms has been deter* 
mined in aqueous solutions of equimolecular concentrations. 

It has been shown that there is no relation between toxicity and ability 
of the members of a series to lower surface tension as also their adsorption by 
casein* 

It has been found that adsorption plays a more important part in deter¬ 
mining toxicities of the higher members of the series while there is no 
correlation between the lower members of the series. There is no parallelism 
between the water solubilities of the compounds and their toxicities* 

It is, therefore, believed that probably the mechanism of bactericidal 
action of the hi^er members of the series which are sparingly soluble is 
quite difierent from the mechanism of the bactericidal action of the more 
eoluble members of the series* 
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1$6. Tamarind seed JeHose: Fermentative Degradation. 

P* S. Rao (Dehra Dun) 

Tamarind seed jellose undergoes fermentative degradation in aqueous 
solution, yielding a hexasaccharide, which is composed of xylose, galactose 
and glucose. The sugar, which may be named Tamarindose, decomposes at 
228-30° C. and has a specific rotation of 73*8°. Its acetate melts with 
decomposition at 172-74° C. and has a specific rotation of 41 •2'= in methyl 
alcoholic solution. 


157. Progress of Proteolytic Digestion of Commercial Casein 
with Papain. 

M. M. Biswas (Calcutta) 

Commercial casein of standard quality has been subjected to proteolytic 
digestion by papain at pH 5*0 in presence of sodium thiosulphate and 
8-hydroxy quinoline. Conductometric titrations have been carried out with 
20 c.c. of digestion mixture at certain intermediate stages of the enzyme 
reaction with N alkali. * Corresponding pH values have also been recorded. 
Titration curves drawn from these data indicate that the capacity for H ion 
adsorption by the digestion mixture falls at first with the progress of 
proteolytic digestion. The ionic equilibrium in the reaction mixture is not 
materially changed during the period of digestion. 


158. Standardisation of Indian Ox Bile by its Refractive Index. 
U. P- Basu and N. Ray (Baranagar, Calcutta) 

In the different slaughter houses of India more than 3 *25 lakhs of cows 
and buffaloes are annualy slaughtered. The determination of the refractive 
index and other physical properties of the bile collected from the gall 
bladders of the slaughtered animals (c/., Basu et ah, Ind. Med. Gaz., 1940, 
75> 215) throughout the year indicates that about 25 per cent, of these animals 
do not yield bladders rich in good quality bile. The yield of cholic acid 
from better grade bladders is about 18 g. per litre while that from the lower 
grade bladders is not more than 6 g. per litre. On an average one litre of 
bile is available from four gall bladders. A considerable amount of bile can 
therefore be collected during the year to afford sodium tauroglycocholate 
and other bile acids and salts. It has been noticed that bile exhibiting 
a refractive index of 1 *3410 or lower than this, is not suitable for economic 
utilisation. The question of renovation of the slaughter-houses, the method 
of utilisation of the bile and the amount of various products that are avail¬ 
able, have been discussed in the paper. 


159. On the lodometric Estimation of Vitamin C in Pharma¬ 
ceutical Preparations. 

S. K. Ganguly (Baranagar, Calcutta) 

Vitamin C is now being added to various pharmaceutical preparations 
containing syrup, alcohol and glycerin. The simple method of iodometric 
titration may be followed in assaying the vitamin C content of preparations 
made up with syrup, alcohol or glycerin. If vitamins A and D be present 
the above assay may also be followed, but the elixir should be adjusted to 
pH 0*02 to 0*08 with sulphuric acid and the double back titration method 
of Stevens (Jour. Ind. Eng. Chem., 1938, 10, 269) should be adopt^. 
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160, Ascorbic acid as an analytical reagent for Iron—A prelimi¬ 
nary note. 

E. K. Narayanan (Calcutta) 

The quantitative estimation of iron in the presence of much invert 
sugar and phosphoric acid is beset with difficulties. The official process for 
the estimation of iron in pharmaceutical preparations such as Syrupus Ferri 
Phosphati and Syrupus Ferri Phosphati cum Quinina et Strychnina is to 
titrate the solution, after oxidising the iron to the ferric state, against 
standard titanous chloride solution using ammonium thiocyanate as an 
internal indicator. Due to the un-availability of titanous chloride an alter¬ 
native process has been devised using ascorbic acid. The iron content of 
five standard preparations of Syrupus Ferri Phosphati cum Quinina et 
Strychnina estimated by the new method ranged from 90*2 to 104*4% of 
the theoretical value calculated from the formula, but these are within the 
range of variability allowed by B.P. for processing. Further work is planned 
to increase the agreement between duplicate titrations, wihch is only 5% 
at present. 


161. Stabilisation of solutions of Calcium Gluconate for 
injection. 


E. K. Narayanan (Calcutta) 

Calcium gluconate which dissolves only to about 4% in water at 
atmospheric temperatures, is required by the medical profession in 10 and 
higher percentage concentrations. For achieving this end, either expensive 
brands of the compound which readily give solutions of high concentrations 
are employed or use is made of certain substances as stabilisers. The 
chemical background of the stabilisation is not explained^ in literature. 
A study has been made of the reaction of one such stabiliser, viz., boric 
acid, with various polyhydroxy compounds such as sucrose, lactose, maltose, 
ascorbic acid, glucose, mannose and calcium gluconate and it has been 
found that the chemical influence, as shown by the acidity, does not bear 
any relationship with the richness of the compound in hydroxyl groups. 
Calcium gluconate, however, forms a highly acidic solution. The solubility 
of this compound in various concentrations of boric acid, the titratable 
acidity of the solutions in relation to their equivalence to the boric acid 
present and other aspects have been studied. The titre value to pH 8*2 
IS only slightly in excess of that required by a monobasic acid. The concen¬ 
tration of boric aicd optimally profitable for making injections has been found 
to be 0*5%, when 8*0% of calcium gluconate dissolves by mere mixing at 
room temperature. Neutralisation of such a solution by calcium carbonate 
yields a solution therapeutically richer in calcium, within B.P. standards. 


162. Preparation of Coir from dried Coconut Husks. 

P. N. JosHi and K. V. Giri (Bangalore) 

It is possible to obtain coir from dried coconut husks by treatment 
with steam under pressure. Coir, thus obtained, is however black and 
attempts were made to find out if the tannin-like constituents soluble in 
alcohol are responsible for the blackening of the coir. Treatment with 
0 *20% Hydrochloric acid solution prevents the blackening and at the same 
time helps in softening the husk. The effect of concentration of acid, the 
time of keeping, the nature of acid, and the temperature of reaction mixture 
on the process, were investigated. 

Brown coir of good quality can be obtained by the above method. 



Section IV, Chemistry 


51 


163. Manufacture of Ultramarine Blue. 

A. I. SUNDARA Rao and D. S. Tandon (Delhi) 

The optimum conditions for the manufacture of ultramarine blue have 
been worked out. The samples obtained have been compared against the 
the standard products obtained in the market—the 'pigment* value or ‘blue* 
of the ultramarine being estimated by the time required to decolourise by 
a known amount of standard acid. Though this is a rough method it is 
a ready and the only qualitative method of estimating the amount of ‘ blue ’ 
or * quality ’ of any sample. The time of decolourisation values, as measured 
in seconds, obtained for different samples are:— 

Standard 67: Sample No. 1, 55; Sample No. 2, 90; Sample No. 3, 137. 

Samples No. 1, 2 and 3 are all pure samples of ultramarine without any 
diluents such as gypsum, chalk, barytes, etc., which are generally used in 
commercial samples. 

Experiments are in progress to use the indigenously occurring Kaolin, 
Bentonite and other naturally occurring earths for the manufacture of 
ultramarine. 

164. Component Fatty Acids of Buffalo-Milk Fats. 

D. R. Dhingra and Ganesh Chandra (Kanpur) 

Component fatty acids of buffalo milk fats obtained from Punjab in 
early and late lactation periods have been examined and it is found that the 
milk fat of early lactation period contains butyric 2’61, Caproic 0*70, 
Caprylic 0 *99, Capric 1 -76, Laurie 8 -04, Myristic 11 *60, Palmitic 28 *55, 
Stearic 9*14, Archidic 4*31, Oleic 32*21 and non-saponifiable matter 0*09. 
The milk fat of late lactation period contains Butyric 2*08, Caproic 0:93, 
Capiylic 0*72, Capric 0*68, Laurie 4*27, Myristic 14*39, Palmitic 31*63, 
Stearic 5*45, Arachidic 2*02, Oleic 34*17, Linoleic 2-39, C 20 -C 22 0*23, and 
non-saponifiables 0*04. 

Ghee from early lactation period contains more butyric acid and other 
steam volatile acids (Butyric to Laurie) than that from late lactation period 
while the content of unsaturated acids is less in the former. Obviously, lower 
fatty acids and unsaturated acids seem to take the main part in the metabolism 
of milk' fat and seem to be exchangeable in their functions, at different 
periods of lactation. 

Ghee from early lactation milk possessed higher Reichert value and 
better buttery flavour than that from late lactation period. 

Higher content of butyric acid in C.P. milk fat (analysed by Bhattaacharya 
and Hilditch) and lower percentage of lauric acid in it as compared with 
Punjab milk fats are unusual. From the content of the unsaturated acids and 
percentage of other acids in general, it seems that C.P. milk fat resembles 
more, early lactation fat. Differences may be due to climatic differences 
(the temperature of C.P. is usually about 5 to 10'" higher than that of North- 
West of Punjab in October) and some food differences. However, differences 
in component fatty adds are not very great. 

Butter-fat of early lactation peri^ is superior to that of late lactation 
period in respect of odour, flavour and fatty acid content. 


Industrial Chemistry 

165. Chemical Study of Mango Kernels (Tukhmi Dessi). 

D. R. Dhingra, S. N. Kapoor and Ganesh Chandra (Kanpur) 

The kernels of Tukhmi (Dessi) mangoes contain Fat 10*7%, Starch 12'%%, 
Sugar 1 *07% Protein 9*5%, Tannins 0*11% and Ash 3*66% (1 *3% potassium 
oxide, 0 *28% sodium oxide and calcium, magnesium, iron and sliica in small 
quantities). Ash does not contain any aluminium. 
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From the analysis it is concluded that they form a good substitute 
food-stuif for domestic animals as confirmed by Kehr. In samll doses 
it can also be mixed with wheat flour for human consumption and it can 
solve to some extent the acute shortage of food. 

The component fatty acids of mango kernel fat consist of Capric 0'15, 
Laurie 2*74, Myristic 5*07, Pamitic 11*2, Stearic 31*06, Arachidic 1*71, 
Oleic 43*83, Linoleic 4*13 and unsaponifiable matter 0*1. These results 
materially dififer from those given by Godbole et al, (/. Ind. Chem, Soc. 1946, 
23, 407). 

The practicability of using the fat in the manufacture of soap is discussed. 
Uses for the meal are indicated. 


166. A New Process for the Manufacture of Santonin. 

S. K. Saha (Calcutta) 

A simple and economic method has been developed by which Santonin 
is prepared from Animisia maritima on a commercial scale. Artimisia is 
mixed up with straw and thoroughly moistened with water and extracted 
with benzene in a Soxhlet. The extract is taken up with lime water and 
gives on treatment with hydrochloric acid crude Santonin. This is purified 
by treatment with dilute soda solution and finally recrystallised from dilute 
alcohol. Yield is 90-95%, 


167. Investigations on Some Cellulose bearing Raw Materials 
(other than Cotton) for the Manufacture of Rayon. 

M. G. Karnik and D. L. Sen (Matunga, Bombay) 

Cellulose bearing raw materials available in India were studied as 
possible sources for the manufacture of rayon and allied products. Pulps 
obtained in India by the Soda, Sulphate and Sulphite processes were tested 
for their alpha-cellulose and ash content, cuprammonium viscosity, solubility 
in 1% alkali, lustre, copper-number and other factors. 

A new technique has been evolved to isolate cellulose from bagasse 
which is a potential source of cellulose having characteristics similar to the 
pulp used in the rayon manufacture. 

Pulps from bamboos, reeds, bagasse, etc., were studied from the stand¬ 
point of viscose aiid cellophane production. 


168. Manufacture of Stearic Acid from Indian Vegetable Fats 
(Garcinia indica). 

C. J. Dasa Rao (Waltair) 

Commercial raw material for the manufacture of stearic acid is animal 
fat (Tallow) and the product obtained is always contaminated with other 
fatty adds. A method for the preparation of stearic acid from vegetable 
fats {Garcinia Indica) has been worked out and gives chemically pure stearic 
acid. It consists in hydrolysing the vegetable fat with alcoholic potash by 
refluxing for 3 to 5 hours. After the hydrolysis is complete the alcohol is 
distilled off and the soap suspended in water. The suspension is treated 
with the required quantity of sulphuric acid, the mixed fatty acids liberated 
are separated from the aqueous layer. The mixed acids are dissolved in the 
minimum quantity of hot 95^ alcohol and allowed to cool. Pure stearic acicj 
crystalise out leaving palmitic and liquid acids in solution. 

commercial possibilities of the proems ^e bein|: worked out. 
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169. On the Electrical Coagulation of Cane Juice Colloid?. 

D. N. Ghosh (Patna) 

The present paper is a continuation of the work communicated previously 
(JProc, Indian Science Congress, 1947). The process has since been tried on 
a large scale in the Guraru Factory of the Gaya Sugar Mills Ltd. and 
a comparative study, of the economics and the various stages of the Electrical, 
Double Carbonation and Double Sulphitation processes for sugar making, 
has been made. 


170. Dielectric Constants of Plastics. 

S. K. K. Jatkar and B. R. Y. Iyengar (Bangalore) 

The dielectric constants and density data of polyvinyl chloride, poly- 
chloro styrene, glycol phthalate, polyvinyl chloroacetate, vulcanized rubber, 
methyl methacrylate, polysiloxanes, ‘ w ’ hydroxy-decanoic acids, acetonitrile- 
ethyl acrylate copolymers and solutions of polyvinylchloride, methylmetha¬ 
crylate, mono and polychloroprene, mono and polystyrene, acetyl-, benzyl- 
and nitro-celluloses have been quantitatively interpreted on the basis of 
molecular structure. The effect of plasticisers and solvents on the various 
polymers has been explained quantitatively. 


171. Dielectric Constant of Cellulose. 

S. K. K. Jatkar and D. S. Sastry (Bangalore) 

The high dielectric constant of cellulose has been quantitatively inter¬ 
preted on the basis of the new equation to mean rotation of the cellobiose 
units in the same sense as in solid HCl, HBr and Camphor. The moment 
so calculated is the vector of two C-O links with bond moment of 1 *75 D. 


172. Dipole Moment of Cellulose Esters. 

S. K. K. Jatkar and D. S. Sastry (Bangalore) 

The dipole moment for a cellobiose unit for different degrees of nitrated 
cellulose has been measured in the acetone, ethyl, butyl and amyl acetate 
esters at different temperatures and frequencies. The moments calculated 
either by the D.C.M. equation or by the new equation show highly anomalous 
variation of the moment with degree of nitration, reaching high values when 
odd number of the six hydroxyl groups of cellobiose gets nitrated and low 
values which are nearly the same as for the original cellulose, when an even 
number is nitrated. These results definitely support the cellobiose structure 
of cellulose, the esterification proceeding in the order 6, 6', 3, 3' and 2, T. 
Some of the middle stages are mixtures of lower and high esters, the corres¬ 
ponding HCOH groups being in transposition. A study of previous work 
on the dielectric constants of ethyl, benzyl, acetyl and palmityl cellulose on 
the basis of the newer theories confirms the above findings. 


173. Optical Activity of Cellulose and its Esters. 

S. K. K. Jatkar and D. S. Sastry (Bangalore) 

The optical activity of the different derivatives of cellulose goes hand 
in hand with the dielectirc polarisation and dipole moments. The highly 
anomalous nature of the optical activity with different degrees of esterification 
^pd hydrolysis shpy/s six steps and not three. 
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174. Tannic Acid a by-product in the manufacture of Catfeine 
from Tea-waste. 

Kara Gopal Biswas (Calcutta) 

A laboratory method for the preparation of pure tea-tannin has been 
described. The constitution of the tea-tannin has been briefly discussed. 
A method of recoveiy of tea-tannin suitable for the preparation of wi'iting 
ink from a charge of tea-waste used in the manufacture of Caffeine has 
been given. Experiments are in progress for the recovery of lea-tannin from 
the exhausted mass of the usual methods of manufacture of Caffeine from 
tea-waste. 


175. Preparation of Benzene Hexachloride or 666. 

D. R. Dhingra, S. N. Kapoor and R. P. Agrawal 
(Kanpur) 

The paper gives in detail the method of preparation of pure gammexane 
from Benzene and Clilorine. Five isomers namely a, y, S and e are 
formed out of which y isomer is the most powerful insecticide against carpet 
beetles, cloth moth flies, silver fish and ants. etc. It contains 73% chlorine. 

Gammexane is prepared by passing chlorine into a reaction mixture 
consisting of 10% caustic soda solution and benzene in presence of catalyst, 

antimony and mercury. The reaction mixture was continuously stirred 
and the temperature was kept at 20-25° C. The absorption of chlorine is 
most satisfactory when the reaction mixture is alkaline. ^ 

The authors have tried various catalysts and conclude that mercury either 
alone or in combination with antimony gives the best yields. Catalyst con¬ 
taining 4 of antimony to 1 of murcury gives the highest yield of y isomers 
(19 *4%) as compared with 12% so far reported. 

Details of equipment and the cost of manufacture of Gammexane are 
given. 

176. On the Manufacture of Potassium Chlorate. 

U. P. Basu, S. Mukherjee and S. Bhattacharya 
(Baranagar, Calcutta) 

The economics of the manufacture of potassium chlorate in India is 
discussed. Potassium chlorate can be produced by a modified process at 
one«mpee per pound in India while the imported chemical costs three rupees 
per pound. 

177. Furfural Plastics. 

S. Ranga Iyengar (Bhadravathi) 

Results obtained at Bhadravahi with a pilot plant for the manufacture 
of furfural and furfural plastics from agricultural waste materials rich in 
pentosans are discussed. Optimum conditions for the manufacture of furfural 
were determined. 

Experiments were directed to obtain thermosetting moulding compositions 
similar to Bakelite (70) in an existing Pilot Plant manufacturing Phenol- 
Formaldehyde synthetic resins and moulding powders on a production basis. 
Equimolecular proportions of furfural and phenol were condensed in presence 
of different catalysts to obtain the desired resin. Only basic catalysts were 
found suitable and a 3-5% sodium hydroxide as 20% solution was found 
most suitable from the standpointof increased output and reduction of time 
of reaction. The yield of resin is nearly two times and that of moulding 
powder more than four times the fiirfural qsed. Moulding coiriposition^ 
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prepared are thermosetting, and have good flow. The articles take a fine 
polish. 

Furfural-phenol and furfural-cresol plastics resemble Bakelite but are 
either black or dark brown in colour even without the addition of dyestuffs 
and take a relatively longer time for curing. The curing time has been reduced 
to 3*5 minutes at 145-50® C. Tests conducted on moulded articles are 
described. Further tests to standardise Furfural powders are under way. 
Experiments are being conducted to find out other uses for this versatile 
aldehyde. 

178. The Iodine Content of Indian Sea-weeds. 

' Ittyerah Joseph (Trivandrum) 

Estimation of iodine was made on various samples of Indian sea-weeds 
collected at different parts of the year and from different places in India. 
It appears from the collected data that the iodine content of weeds is higher 
during the colder months (January to March) than during the hotter months 
(July-August). 

179. Antioxidants for Shark Liver Oil—Part X. Influence of' 

certain Hormones, Phenolic Compounds, Synthetic Dye¬ 
stuffs and Essential Oils on the stability of Shark Liver 
Oil. 

P. K. Mathew, P. V. Nair and T. A. Ramakrishnan 
(T rivandrum) 

Substrates of saw fish liver oil and tiger shark oil have been employed 
for determining their response towards common antioxidants. The hormones 
which had practically no effect in saw fish oil in mild concentration have 
been found to evoke a greater response from tiger shark oil. 

Among the essential oils tried for their antioxidant properties—cinnamon 
leaf oil, cardamom oil, oil of pepper, oil of ginger, oil of Ocimum gratissimum, 
lemon grass oil, oil of nutmeg, cloves and peppermint—^none of them seems 
to have any effect on the stability of either tiger shark or saw fish oil, 

Naphtbol dyes are indifferent in their activities while alizarin had pro¬ 
nounced pro-oxidant influence on substrates of both the oils. 

Quiiffiydrone and /z-naphthol were found to have relatively high anti¬ 
oxidant properties whereas o-cresol and phenoquinone were only feebly 
antioxygenic. 

180. Antioxidants for Shark Liver Oil—Part XI. Influence of 

some Organic and Inorganic Acids and some Organic 
Substances on the stability of Shark Liver Oil. 

P. K. Mathew, P, V. Nair and T. A. Ramakrishnan 
(Trivandrum) 

A substrate of tiger shark liver oil remained practically unaffected by 
the addition of 0*1% of its weight of 20% sulphuric acid while on the same 
substrate orthophosphoric acid was observed to have a mild antioxygenic 
activity and hydrochloric acid, if anything, a prooxidant tendency. 

Malic acid and hippuric acid which were tried as probable antioxidants 
furnished indifferent results on pristis oil and on other trade samples of 
shrak liver oil while ^-indolyl acetic acid (hetero-auxin) showed definite 
pro-oxidant tendency. 

Among the miscellaneous organic substances tried—Purpurogallein 
Phenoiphthalein, Gammexane and Sodium taurocholate—purpurogallein alone 
had pronounced antioxidant activity which is presumably due to the pyro- 
gallein ^oup present in its molecule, 
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181. Alginic Acid from Sargassam Sea-weeds of the Travancore 

Coast. 

K. Sadasivan Pillai and N. S. Varier (Trivandrum) 

Sargassam sea weeds are obtainable in considerable quantitites from the 
rocky coast-line extending from Cepe Comerin to Kovalum. The optimum 
conditions for obtaining alginic acid have been worked out. The use of 
sodium and ammonium alginates in the creaming of rubber latex has also 
been investigated. 

182. Building Lime Industry in Travancore. 

R. Krishna Pillai (Trivandrum) 

Lime shells collected from the backwaters and coastal tracts in Travancore 
are extensively used in the production of building-lime. In spite of the crude 
methods employed, the industry is believed to give profitable returns. The 
country kiln which involves very considerable heat losses, the insufficient 
adjustment in the proportion of shell and fuel and the poor quality of the 
shells themselves often account for the low CaO content of the burnt 
lime. 

Several samples of lime shells collected from' difierent parts of the State 
have been analysed and their CaO contents found to vary from 49-54%. 
The CaO content of the burnt lime obtained from different kilns was however 
found to be 24-40%. 


183. Minor Forest Products of Travancore—Part L Furfural 
from Wood Wastes. 

C. S. Bhaskaran Nair, P. V. Nair and M. Sreedharan Pillai 

(Trivandrum) 

The wood wastes from twelve varieties of timber and fuel wood trees 
indigenous to Travancore have been subjected to examination with a view 
to utilizing them in the manufacture of furfural Distillation with 12% HCl 
without pretreatment afforded results varying from 7-15% furfural with 
Terminalia paniculata Roth to 13T5% with Tamarindus indica. Experiments 
in improving the yield with hypobromite and other suitable pretreatment 
are in progress. 


184. Minor Forest Products of Travancore—^Part II. Compo¬ 
sition and Processing of Forest Honey. 

P. V. Nair. M. Sreedharan Pillai and K. S. Madhavan Pillai 

(Trivandrum) 

Representative samples of forest honey collected by the Travancore 
Forest Department have been analysed and compared with apiary honeys 
and the so-called medicinal honeys. The observed variations in the chemical 
composition between forest and apiary honeys are inconsiderable. The 
differences attributed to their nutritional efficiency are presumably due to 
subtle variations in their invertase and diastase activity and to the presence 
of microquantities of characteristic colloids. 

A convenient method for the processing of forest honey in Trqvancorq 
been recQipinended: 
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185. Minor Forest Products of Travancore—Part III. Spatho^* 

lobus roxburghii and Myristica attenuata resins. 

K. N. Gopinathan Nair, P. V. Nair and (Miss) P. Saradamma 

(Trivandrum) 

The transparent, ruby coloured gum which exudes from the barks of 
Spathalobus roxburghii (N.O. Leguminoce©) furnished a tannin which on 
fusion with potash yielded catechol. Its methyl and acetyl derivatives have 
been prepared. Myristica attenuata (N.O. Chloranthace©) resin contains 
a catechol tannin whose methyl and acetyl derivatives have been prepared. 
Tinctorial experiments with these dyes are in progress. 

186. Minor Forest Products of Travancore—Part IV. Parkia 

biglandulosa bark. 

(Miss) T. Pankajakshy Amma, P. V. Nair and T. V. Punnoose 

(Trivandrum) 

parkia biglandulosa (N.O. Leguminace©) barks have been used for tanning 
and dyeing purposes. The purified tannin gave catechol on fusion with 
potash and the characteristic reactions of phlobatannins. The methyl and 
acetyl dervatives have been prepared. Tinctorial experiments with the dye 
on mordanted cotton hanks are in progress. 

187. Minor Forest Products of Travancore—^Part V. StercuUa 

urens resin. 

P. V. Nair, M. Sreedharan Pillai and K. S. Madhavan Pillai 

(Trivandrum) 

StercuUa urens Roxb. (N.O. Sterculiace©) grows wild in the Travancore 
forests and its stem exudes a rather plentiful resin. The tannin matter isolated 
from the resin gave catechol and protocatechuic acid on fusion with potash 
and for the most part consists of a phlobatannin as proved by its reactions. 
Its methyl and acetyl derivatives, both of which have been prepared, have 
showed the existence of three OH-groups. 

Tinctorial experiments with the extracts of the dye on mordanted cotton 
hanks afforded a variety of pleasing shades, all of which were shown to be 
fairly fast to light and soapwash. 

188. Studies in the Technology of Shark Liver Oil—Part VI. 

The Bellier Figure as an Index of adulteration of Shark 
Liver Oil with Groundnut Oil (Contd.). 

P. K. Mathew, P. V, Nair and T. A. Ramakrishnan 
(T rivandrum) 

In Part II of this series {Abs, Proc. /.iS.C., 1947), the authors had 
indicated a line of approach to a “rough and ready’* method for the 
determination of the percentage of adulteration in market samples of shark 
liver oil with groundnut oil. Over thirty samples of fresh and rancid s^k 
liver oil drawn from different species of fish were examined and it was 
generally observed that fresh oil returned values varying between 23 and 24 
while rancid oil gave slightly higher results but never exceeding 25-2. 

The iodine value of the oil does not bear any relation to the Bellier 
Figure, which appears to be constant within a narrow range as long as the oil 
is homogeneous. Partial destearination of the oil effects hardly any lowering 
in the Bellier Figure. The relation between the Bellier Figure and the 
percentage of groundnut oil added can be represented in tl^e form of ^ 
smooth cvMve: 
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189. Studies in the Technology of Shark Liver Oil—Part VII. 

Optimum pH for the Enzymolysis of Shark Liver Oil 
with Castor Seed and Pancreatic Lipases. 

P. V. Nair, T. a. Ramakrishnan and H. Sreemulanathan 
(Trivandrum) 

Qualitative observations on the comparative efficiency of ricinus and 
pancreatic lipases in the enzymic hydrolysis of shark liver oil were made in 
a previous communication (Abs. Froc. LS.C.^ 1947). Lypolysis was effected 
on the same sample of shark liver oil both with castor seed powder in acetate 
buffers (pH 3 *9-5 *4) and with pancreatic extract activated with sodium 
taurocholate (M—10,000) in borate buffers (pH 8-10). Under the conditions 
studied, the optimum pH for the lypolytic action of castor seed lipase has 
been found to be 4 -2 {ca) and that of pancreatic lipase to be 8 -8. 

190. Studies in the Technology of Shark Liver Oil—Part VIII. 

A Comparative Study of the Progress of Enzymolysis in 
Shark Liver Oil and other Edible Fats with Pancreatic 
Lipase. 

P. V. Nair, T. a. Ramakrishnan and H. Sreemulanathan 
(Trivandrum) 

The degree of lypolysis of shark liver oil with pancreatic extract has 
been compared with those of coconut oil, sesame oil, ghee and vanaspati 
under identical conditions of experiment. The digestibility of these fats as 
revealed by the progress of lypolysis under standardized laboratoiy conditions 
has been found to be in the order given:—coconut oil, sesame oil, vanaspati, 
ghee, shark liver oil, 

191. Studies in the Technology of Shark Liver Oil—Part IX. 

Progress of Enzymolysis in Shark Liver Oil and other 
Edible Fats with Castor Seed Lipase. 

P. V. Nair, T. a. Ramakrishnan and H. Sreemulanathan 
(Trivandrum) 

The degree of hydrolysis in shark liver oil and other edible fats such as 
coconut oil, cow’s ^ee, buffalo ghee, sesame oil, vanaspati and beef tallow 
with a uniform preparation of castor seed lipase was followed by the 
titrimetric method. It was observed that there was appreciable parity 
between the initial rates of breakdovra in all the substrates. The digestibility 
as revealed by the degree of hydrolysis decreases progressively from coconut 
oil to beef tallow in the order stated—Coconut oil, cow’s ghee, buffalo 
ghee, sesame oil, vanaspati, shark liver oil, beef tallow. 

192. Studies in the Technology of Shark Liver Oil—Part X. 

Degree of Enzymolysis in Shark Liver Oil of Varying 
Origin and in Adulterated Shark Liver Oil. 

P. V. Nair, T. A. Ramakrishnan and H. Sreemulanathan 
(Trivandrum) 

The action of castor seed lipase on substrates of shark liver oil collected 
during different seasons and from different species of sharks was followed 
by the usual method under standardized conditions of experiment. It was 
expected that the result would, furnish an insight into the comparative diges¬ 
tibility and consequently of the therapeutic and nutritional efficiency of the 
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oils; and, provide a suitable basis for the blending of these oils in manu¬ 
facturing practice. 

Although the seven samples of oil subjected to lypolysis had divergent 
physical and chemical characteristics, their response to lipase was found 
to be nearly the same. The ‘‘ Hydrolytic Index ” could be successfully applied 
to the detection of adulteration in trade samples of shark liver oil which are 
usually blended with varying proportions of groundnut oil. Laboratory tests 
with known mixtures of shark liver oil and groundnut oil have confirmed 
this conclusion. 

193. Studies in the Technology of Shark Liver Oil—Part XI. 

Halogenation of Deoxygenated low grade fish oils. 

(Miss) K. Pankajakshy Amma, P. V. Nair and 
T. A. Ramakrishnan (Trivandrum) 

Low grade shark liver oils which are poor in vitamin content find use 
at present, only for caulking boats. On deoxygenation with zinc dust, the 
oils could be made to yield a product containing nearly 98% hydrocarbons. 
The reduced product was chlorinated under varying conditions. On subsequent 
fractionation at a temperature range of 100-170° C' (45 mm.) and estimation 
of the chlorine content of each fraction it was observed that the fraction 
collected between 128-145° C. contained as much as 23% chlorine. Alcoholic 
potash liberates about 14 *2% of the chlorine from this fraction, while aqueous 
potash releases 2 *8% and boiling water 0 *96%. 

The insecticidal properties of the chlorinated products are being investi¬ 
gated. 

194. Travancore Marine Oils—^Part IV. Physical and Chemical 

Characteristics of Shark Liver Oils. 

P. K. .Mathew, P. V. Nair and T. A. Ramakrishnan 
(T rivandrum) 

The physical and chemical constants of several samples of liver oils 
drawn at the Government Shark Liver Oil Factory, Trivandrum, from 
Stegostoma tigrinum and Pristis cuspidatus have been determined. Consider¬ 
able variations in the initial physical and chemical characteristics have been 
observed with oils expressed from the same species of fish. 

195. Nitro-Cellulose in Peace and War. 

S. K. K. Jatkar and D. S. Sastry (Bangalore) 

Nitrocellulose has come to stay in explosives, plastics and lacquers. The 
properties of the lower nitrates containing less than 10% nitrogen and their 
utilisation is being studied with new types of plasticisers of the vinyl acetate 
type. Mixed esters of the nitro-acetyl ^e whose properties will be diflferent 
from both the nitro- and acetyl-esters will also find increasing applications. 
With advances in manufacturing processes and discoveries of new usages 
for this material it will still play an important role in the service of humanity. 

196. Performance of the secondary milling unit in Sugaf 

Factories. 

K. S. Gururaia Doss (Cawnpore) 

Several expressions have been proposed from time to time for Comparing 
the performance of the secondary milling units. The defects in these have 
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been pointed out. Tbe following new scheme based on the theory of milling 
formicated by the present author has been shown to be the best for the 


purpose:— 

(i) Calculate the secondary juice extraction by the formula 


where J. = J„ 


Sp Sm 

-“S'# 


(ii) Calculate by the formula 




1 


where <»= > 

mp (1 -/) 

(iii) Calculate by the formula 


® ^ , f 1 1 1 Kmp — Imp 4- 1 

— wiTp — 


(iv) From Ro and n, the No. of mill in the imbibition train; find out 
the ideal value of as per theory, by referring to Table I of 
Noel Deerr’s paper (/.S./., 1930, 473). 


(v) Efficiency of the secondary unit 
= ^ X 100. 


Symbols: J = Juice per unit cane. 
g — Brix. 

/ == fibre per unit cane. 
/n= fibre per unit bagasse. 
e = extraction. 


K=* added water per unit fibre. 

Suffixes: s = secondary, p — primary, m = mixed. 


197. A Comparative Study of the Properties of Synthetic fibres 
prepared by Viscose Process from different Cellulosic 
Materials. 

P. S. Varma and AbhaYa Sinha (Benares) 

^ Synthetic fibres from different cellulosic materials have been prepared 
and their physical and chemical properties have been examined. Only 
a sli^t variation in properties was noticed. 


198. Cost of Production of Synthetic Fibres in India. 

P. S. Varma and Abhaya Sinha (Benares) 

Artifldal silk has been prepared on the model Ilagihara machine in the 
Industrial Chemistry Laboratories of Benares Hindu University by the 
viscose process from cellulose obtained from various cellulosic raw materials 
such as Jute, hemp, fiax, filter-paper cuttings, bamboo-pulp, waste cotton, 
and waste materials of cotton mills. The cost of cellulosic raw materials 
varies from one anna and rime pies to five aniias and six pies per lb., and 
the cost of production of artificial silk on the basis of work carried on in 
our Laboratories comes up to about one rupee and eleven annas per lb,, if 
the production is started on the minimum economic scale, 



Section iv. Chemistry 6l 

199. The Aaodic Oxidation and Colouring of Aluminium and 

Aluminium Alloy Articles. 

D. R. Dhingra, G. N. Gupta and M. G. Gupta (Kanpur) 

Tlie paper gives in detail the theory and processes of anodic-oxidation 
and colouring of aluminium and aluminium alloys. It is well known that 
owing to the ^eat aflOnity of aluminium for oxygen, an oxide film is readily 
formed when it comes in contact with an oxidising solution. The greater 
the thickness of the oxide coating, the greater is the protection from atmo¬ 
spheric conditions and corrosion, etc. There are two processes of oxidation: 
(1) Chemical and (2) Electric-chemical. 

In the chemical process, aluminium is immersed in an oxidising solution, 
e.g., Potassium dichromate or a mixture of sodium carbonate and sodium 
chromate for 5 to 20 minutes, whereby an oxide coating is deposited on the 
surface. The oxide coating in such cases is very thin. 

To make the coating thicker and uniform, an electro-chemical process 
is used wherein the metal undergoes anodic oxidation. 

Electrolytes, viz., chromic-acid, sulphuric acid, sulphxiric acid in combi¬ 
nation with glycerine, oxalic acid, ortho-phosphoric acid, boric acid, sulphamic 
acid, etc., of different concentrations have been studied for satisfactory anodic 
films on aluminium and aluminium alloys from aeroplane scrap. The 
optimum working conditions with regard to temperature, voltage, current 
density, etc,, have been found out. It has been shown that sulphuric acid 
for aluminium and chromic acid for aluminium alloys are most suitable. 

For colouring of oxidised aluminium a number of dyes available in the 
market were tried and very beautiful shades were obtained on aluminium 
and aluminium alloys. Inorganic colours were also employed. 

Details of equipment necessary for utilising 1 cwt. of aluminium sheet 
per day are given. It is shown that a net profit of 35% on the investment 
can be expected in the factory. 

200. Possibility of Manufacture of Caustic Soda from naturally 

occurring Reh Soil. 

D. R. Dhingra and S. N. Ghatak (Kanpur) 

Reh soil or Rehu matti is a naturally occurring alkaline soil found in the 
Indo-Gangetic plain. Reh soil mostly contains the soluble salts of sodium 
(carbonate, sulphate and chloride) clay and organic matter. Reh soils varry 
in composition from place to place. Sodium carbonate content varies from 
1 to 9% sodium sulphate 1 to 6% and sodium chloride 1 to 3%. The 
important constituent of Reh soil is sodium carbonate. In the villages where 
the Reh soil is available it is leached with water and the extract evaporated 
to diyness. This crude product is technically called Sajji which contains 
35 to 55% sodium carbonate, 15 to 30% sodium sulphate and 5 to 10% 
sodium chloride. 

For the preparation of crude caustic soda sajji was roasted to free it 
from organic colouring matter. It was then extracted with boiling water. 
The extract was decanted and filtered off from insoluble matter and 
causticised with the required amount of lime (theoretical quantity plus 20% 
more). Causticised liquor was concentrated to 70° TW (1 *35 sp.gr.) when 
sodium sulphate crystallised out. The solution was then concentrated to 
above 50° Be (1 *526 sp.gr.) or evaporated to dryness to yield lumps of 
caustic soda. Incrustation formed, from time to time, was separate by 
means of perforated laddies and flakes were obtained. The following results 
were obtained:— 

Sajji containing 32% NagCOa gave a yield of 87 *5% caustic soda (solid 
lumps) and 75% caustic soda (flakes). Solid caustic soda composition was 
79*08% NaOH, 7-50% Na^COg, 3*05% Na 2 S 04 and 1 *07% NaCl. Flakes 
had 92*8% NaOH, 0*8% Na 2 S 04 and 0-3% NaCl. 

In these days of acute shortage of caustic soda causticisation of crude 
sajji is a very paying proposition. 
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201. Treatment of Effluents of Distilleries and Tanneries. 

D. R. Dhingra and S. N. Ghatak (Kanpur) 

The following experiments were conducted for the treatment of the foul 
smelling eflBluents from distilleries and tanneries:— 

1. Distillery effluents .—Cultured yeast was added (10 grams to a gallon) 
to the eflauent. Air was blown in for about 72 hours to enhance the fermenta¬ 
tion. Occasionally steam was passed in order to maintain the temperature 
at 40° C. (Hot air can also serve the purpose). The acidity was determined 
and the required amount of lime (12 to 15° Be) was added to bring the pH 
to about 7. Air was blown for 12 hours and the solid matter allowed to 
settle. The decanted liquor was taken in another container. “ Alumina- 
Ferric ” was added to the liquor at the rate of 1 oz. to a gallon and air was 
again blown in for another 12 hours. Kept overnight the liquid was perfectly 
free from smell or suspended impurities. The separated solid may be used 
as a‘manure. The liquid, after treatment with bleaching powder (0*25oz, 
to a gallon), can be used for irrigating the fields or can be allowed to run 
into the river without producing any harmful results. 

2. Tannery effluents .—^This type of obnoxious effluent contains suspended 
matter: hide pieces, skin and hair. Air was blown in for 12 hours and the 
liquid allowed to settle. Decanted liquid was treated with Alumina-Ferric 
(4 oz. per gallon) and air was blown in for another 12 hours. The liquid was 
then passed through a bed of kankar, coal cinder and sand, arranged in 
3 layers. The liquid after passing through the filtering bed was treated with 
bleaching powder (0 *25 oz. per gallon). The treated effluent was free from 
smell or suspended impurities. The solid residue had 2*6 to 3% nitrogen 
and could be used as a manure. The treated effluent could be used for 
irrigation of fields. 


1290*47 Printed at The Beni^alore Press* Bangalore City, by G. Srinivasa Rao, Superintendem* 



SECTION OF MATHEMATICS 


President : R. Vaidyanathaswamy, Ph.D., D.S?c, 


1. On a rocurrent. 


If 


D,= 


8. (Ihakrabarti, Jadavpur. 

es, ‘S. /*=-}-(-)3 ‘‘S, 
1 •-■S, »S, r/= 

I ‘S: -So 


then Dte=( —)P or (—)P 




ffic-i acrording as k is odd or even. 


/j —1 

p being the integral part of and 


2. Bending of clamped rectilinear plates. 

B. R. Seth, Dellii. 

In a recent paper we have discussed the bending of rectilinear plates with supported 
edges and have shown how the solution can be made to depend on the corresponding 
solution for the’boundary when the plate is bent by uniform pressure. When the edges 
are clamped, the problem does not yield an easy solution. The known case of a rectili¬ 
near plate has been widely discussed , and its solution has been obtained in the form 
of a double Fourier’s series. In this paper it is shown that the general case of a recti¬ 
linear plate can also be .obtained in the form of a double Fourier’s series. The cas.*^ of a 
regular polygonal plate is discussed in detail. 

3. A type of solutions of Einstein’s gravitational equations. 

J. Ghosh, Chinsura (Hoogly) 

Assuming the gravitational equations in the form 

I'lKj 

the author has derived a complete solution of the problem of a homogeneous material 
sphere in which the radial and transverse stresses are linearly related. 

4. On linear difference equations. 

S. M. Shah, Aligarh. 

In a recent paper (Bulletin American Math. Soc. Vol. 53 No. 6, June 1947 pp. 
54S-55S) I proved that if y{x) be a real continuous solution of an algebraic difference 
equation of the first order. 


2/(ir). .T)=0 ..(1) 

then 

lim inf iM?)l < ^ 

•r 00 * 

I also showed that this result is the best possible. If however wo consider linear 
difference equation with polynomial coefficients 

Frn(a?)2/(^-f -r • • +P»(a?)y(j:T) = Q{x) 
then we can obtain a better upper bound for y(x). 


..{■ 2 } 
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Theorem 

Jfy{x) be a T 2 al continuous m&notomc solution of linear difference equation (2), then 


Tim 
a* - 


sup < CO 

^ 00 


Two more theorems on linear difference equations are also established. 


5, Note on a new methoi of solving problems of tliin elastic plates. 

B. Sen, Sibpiir. 

Recently a new method of finding stresses in large thin plates ha.s been discussed 
in a paper accepted for publication elsewhere (Sen, 1946). In this note the method has 
been extended to problems of thin plates having cavities of different shapes, the plates 
being supposed to have a distribution of all round tension at great distances from the 
cavities. The cavities considered are those having boundaries in the form of (1) 
an inverse of an ellipse, (2) a loop of a lemniscate, and (3) an approximate square 
with roimded corners. 


6. Vibrations of an infinite linear lattice consisting of two types of particles. 
N. S. Naoendra Nath and Sanat Kumar Roy, Patna. 

The problem of the vibrations of a linear lattice has attracted considerable attention 
from the time of Lagrange who investigated the vibrations of a finite lattice with fixed 
end particles {Mecanique Analytique Vol. 1.). Hamilton investigated the problem of the 
vibrations of an infinite linear lattice consisting of identical particles imder certain initial 
conditxons(fl'amiZ^ow’5 Mathematical Papers Vol. 2. ). This paper deals with the vibra¬ 
tions of an infinite linear lattice consisting of two types of particles. The solutions for 
the displacements can be represented as complex integrals taken along suitable contours 
on a Riemann Surface of four sheets. These solutions are 

_ 1 f /, cos + cos 0 ) 2 ^ , 

2iriJ -zii/' 

__ I f pi cos Wji+Pa cos (^..t 

27ri J sr+i 

where pj, p^, Uj and Wg are certain functions of the complex variable z. 

When the masses are equal the solutions reduce to Bessel’s functions of even order 
(Hamilton’s Solution), The asymptotic nature of the above integrals has been investi¬ 
gated by the method of steepest descents. This shows that any general solution is tobo 
obtained as a Fourier wave packet and that it tends to a superposition of limiting 
vibrations as t tends to infinity. 


7. On eases of extremum of Rn interpolation polynomial in two variables, 

Anunoy Ghatterjee, Patna. 

When a set of three obseirvationg are taken near a maximum or a minimum, the 
approximate value of the independent variable for which the interpolation polynomial 
ismaximumor minimum has been obtained (Milne-Thomson, Finite Differences, 1933, 
19). In the present paper the author has investigated the cases of extremum of the inter¬ 
polation polynomial for four observational values at the corner points of a Rman rectangle 
in n^r vicinity in the XY-plane and has attempted to deduce sets of sufficient 
conditions that such an extremum may be a real maximum or a real minimum with 
regard to the foiir observational values. 
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8. The asymptotic number of iatiii rectangles. 

S. M. Keeawala, Calcutta. 

Recently, Erdos and Kaplansky have succeeded in proving that' the number J(nJc) of 
n by /j Latin rectangles is given asymptotically by : 


whore C = 0(j'i-*). In this paper, I show that 


Tln‘^ 


- 0 ] 


Z:(/j - 1)(A;^-2)(5A:«J-30A;-* + loSA;^--780/r3J-18j;4^3 _ 47 9288) 

- - - - - ,^3 - 




9. A note on the equihbrium of a fluid-mass under a steady differential 

rotation. 

N. L. Ghosh, Calcutta. 

The purpose of the present paper is to point out certain restrictions on the density- 
distribution of a fluid-mass rotating steadily about an axis of symmetry with a variable 
angular velocity, in the case where the gravitational potential is*a function of the density 
only. Such a case has been considered by P. Dive in Rotations Internes Des Astres 
Fluides, though no solutions have been obtained and the restrictions imosed on the 
density by the assmnption have not been noticed either. 

The note also contains two illustrations of the general problem mentioned under the 
assumption that the potential is due entirely to a very heavy central attracting sphere. 
It has been foimd that it is possible for the surrounding fluid to be in equilibrium either 
in the form of a spheroid, very much like a thin atmosphere or in the form of an anchor 
ring with the attracting mass a.t the centre. No pressure density relation has been 
assumed. The question of stability, however, has not been investigated. 

10. An inversion formula for the geneiulised Laplace transform. 

R. S. Varma, Lucknow. 

In a paper to be published in the Proceedings of the Edinburgh Mathematical Society 
I gave an inversion formula for the generalised Laplace Transform, given by me at the 
Indian Science Congress, Nagpur (1945). In this paper, I have investigated another 
inversion formula for this transform. 


11. On a fluid motion possessing axial symmetry. 

Ram Ballabh, Lucknow. 

A study has been made of rotational motions (v^elocity g) in a hpiuogeneous incom¬ 
pressible viscous fluid, for which 

r. VX(;=:0 

and which can be superimposed upon the irrotational motion given by 

<P=XJa;, 

U being a constant. 

It has been shown that 


V = Vo 

t)o, “Wo being harmonic functions, and Y—y—j ,^2 

Particular solutions making the fluid velocity vanish at infliiity have also been 
obtained* 
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12. A geiKTalisaiioii of the Hankcl-Transform. 

R. P. Ao^aewal, Lucknow. 

In this paper I have generaliaed tlio Hankel integral equation 

(/(•“)=[ JA(*2/)/(y)% 

by considering the kernel where 

J^x(.r) is the Maitland’s Generalised Bessel functoin. I liavo also dctkicod a number of 
properties of functions connected by the integral equation 

?(■*)=(i)''f ') fiyW 

This equation for M = — 1 reduces to the ordinary Hankol’s Equation. 

13. On the non-summability (A) of the conjugate scries of a Fourier series. 

U. N. Singh, Allahabad. 

In this paper we prove the following theorem. 

Theorenb. At a point x, tvhere 
t 

j {u) ilu = O(^), yj, (u) = / (.ri-f-ii) — / (x-u), 

0 


TT 

the divergence of the Integral (x) = J (0 to ±co is 

V 

a necessary and sufficient condition for the divergence to ±oo of the conjugate series of the 
Fourier series off {x). 

14. On the Norlund summability of Fourier series. 

J. A. SiDDiQi, Allahabad. 

A sequence (sp) is said to be summable by a regular generalized Norland method 
of summation (N,p;,) if 

lira . * -f A. i‘..) 

exists, where P,i — Pi p 2 -f - • + Pu #0, (pp), being a sequence of complex 
numbers subject to the regularity conditions 

V Ip.i < HP. 1 ■ lim 

k=o -> 00 

W e liave established the following theorem : 

Theorem : A regular NbrUmd method of summation (N, pp) sums tho Fourier 
series of a function / (a;) which is integrable in the sense of Lebesgue and is 
periodic with period Stt, to the sum / {x) at the points at which 

t t 

g (li) du=0(t), j" \g(u) \du=^0{t) 

o o 

provided the generating sequence (p^) satisfies the following condition 

i lApu! -h IPnl < b tP„|.n-* 

k-o 



SECTION OF ANTHROPOLOGY AND ARCHAEOLOGY 

President : A. Chattebjee, M.B., B.S. 


1. Study of the head-haii* of the Parois, a fishing Caste of Hogiadaiiga in 
the district of Jessore, Bengal. 

M. ]Sr. Basu, Calcutta. 

Sixty hair samples arc studied with respect to— 

(1) Colour—^aiatching with the graded tones of the Fischor-Saller Haarfarbentafel. 

(2) Form—Microscopic examination after Trotter, to find out the index. 

(3) Size—-Area of cross-section. 

2. Book insects and Preservation. 

M. N. Basu, Calcutta. 

Different kinds of book insects, their habitat and the methods of preservation aro 
discussed. 

3. Study of the voluntary movements recorded by Dynomometer as modi¬ 
fied by pleasant and unpleasant stimuli among the Noluas of Bengal. 

M. N. Basu, Calcutta. 

Experiments on 200 adult male Noluas, age varying from 22-30 years, are done. 
Effects of pleasant and unpleasant stimuli are also discussed. 

4. A note on a dipnet- the Vesal. 

M. N. Basu, Calcutta. 

The specimen is collected from a fisherman's village (Hogladanga) in tlie district of 
Jessore, Bengal. An ethnographical account is stated. 


5. A preliminary note on comparability of measurements. 

K. P Chattopadhyay, Calcutta. 

In determining racial ajSinity, it is often necessary to compare measurement of 
living subjects, taken by different observers. As the landmarks on a living subject are 
not so exactly defined as on crania or the limb bones, it is important to ascertain how 
far measurements on the living are comparable, when made by different observers. In 
the series of observations described head length, head breadth and head height on the 
same set of 50 subjects by three obsor\^ers. The results are analysed. 

6. The Korku village and house type in Melghat. 

K. P. Chattopadhyay, Calcutta. 

In this note the writer describes the plan of Korku villages in Melghat forest, and 
and the details of construction of the huts. 

7. A Santal scissors traj). 

K. P. Chattopadhyay, Calcutta 

The writer describes a soinewliat uncommon type of trap collected by him ainonc*' 
}:Jantals. It has been foimd by Hutton among Nagas of Assam* ° 
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8. Sahtal economy in Bengal. 

K. P. Chattopadhyay, Calcutta. 

The writer describes the present structure of laiidownership among Santals in Bengal 
and compares it to their traditional concept of rights in land. 

9. Megalithic Monuments of the Chingleput District. 

V. D. Kbishnaswami and N. R. Banbrjee, Madras. 

This paper incorporates an account of tho recent exploration conducted by tho 
Archaeological Survey of India, in the Chingleput District, adjoining Madras, and in 
the areas peripheral to it. 

The previous casual notices of megalithic sites in this region, served along with 
other geomorphic factors to make a thorough ground survey for these monuments, 
long wished for by Robert Sewell, since 1882. 

Physiographically the region is divisible into two parts, lateritic in the North and- 
granitic in the South. While the control of Geology can always be traced on the monu 
ments, the megaliths, here, resolve themselves into two main types : namely (a) Cairn 
circle, and (b) Dolmenoid Cist. They have also a number of variations "and there are also 
barrows (urnfields). The mutual relationships between them are discussed in detail. 

A study of the associated pottery and other objects collected from these megaliths 
has been dealt with at some length, with a view to dating these eluding monuments 
of Chingleput, that relate to a robust civilization, long forgotten, but very near to, our 
own, in social structure. The distribution of these monuments in Chingleput indis¬ 
putably leads to the conclusion that the megalithic folk have heralded the introduction 
of the irrigation complex into this part of India. 

10. A study of the Surnames of the Daksinatya Vaidika Brahmans of 
Bengal. 

T, C. Ray Ohatjdhubi, Calcutta. 

The Kulapanjikas give a number of surnames of the Daksinatya Vaidika Brahmans 
of Bengal. Most of them have become obsolete—of these some may still be traced 
in local names. Some again such as Dhar Sharma, Kar Sharma, Nandi Sharma and 
Bhadra Sharma may throw some light on their social relations. These surnames with¬ 
out the appendix sharma are found among the Vaisyas, Kayasthas (Sudras) and Vaidikas. 
Manu*s injxmctions regarding surnames. At present the surnames, Dhar, Kar, Nandi, 
Bhadra, Sen, Shur, Deva, Bhrahma, Chandra, Shome, Dutta, Adilya, Mitra etc—are 
met with in the Kayastha (sudra) society. Now that being so are we to correlate the D. 
Vaidikas with the Vaisyas or Kayasthas? Of these Kayasthas cannot claim to have 
a separate existence as a caste group—^they are not heard of before the 9th Century. 

11. Traditions regarding the early history and migration of the Vaidika 

Brahmans. 

T. C. Ray OHAunHiTBi, Calcutta. 

Kulakarikas are at variance—Tradition regarding origin—regarding Jasodhara— 
Byamal Varma—Relative' priority of the two Sections—^Pasoatya and Daksinatya— 
The filiation of the Vaidika Brahmanas cannot be supported by anthropometric data. 

12. Blood Groups of the Oraons working in the Tea Estates of Duars in 
Jalpaiguri District. 

R. N. Bastj, Calcutta. 


13. Bengali Mandible—^its Osteometric measurements. 

R. N* Basit, Calcutta. 

50 mandibles were measured and their data analysed* 



Anthropology and Archaeology 

14. Investigation of the foramen Crotophitico Buccinatorius in the 
Human Skull. 

M. M. Cooper, Medical College, Madras. 

The aim of this paper is to investigate the occurrence of the foramen Crotophitico 
Buccinatorius in the human skull. This foramen is a constant feature in the monkey. 

The earliest reference to it was made by HjTtl in 1862. Bryce in Quain’s Anatomy 
describes the foramen in about 1.4% of human skulls. 

It is stated that this foramen is precisely betwween the lateral pterygoid lamina 
and the under surface of the great wing of the sphenoid, transmitting when present 
‘‘ the lesser division of the mandibular ner\’e 

OBSERVATIONS : 

A hundred South Indian skulls in the Department of Anatomy (Madras Medical 
College) were examined, and in one skull the foramen was found well formed and that 
on]^ on one side. On the other side it was present but incomplete. The foramen was 
seen to be formed by a bar of bone extending from the root of the lateral pt?rygoid lamina 
to the under surface of the great wing of the sphenoid. Three other skulls, showed 
the foramen, ill-formed, represented only by two opposing spicules of bone. 

DISAPPEARANCE OF THE FORAMEN IN MEN: 

The cause of disappearance from the human skull, of this foramen, ordinarily found 
in the monkey, remains unexplained. An attempt is made hero to offer a probable 
explanation. 

In the monliey the lateral pterygoid lamina is (in proportion to skull dime:isions) 
very much broader, than in man, and has consequently greater access to the under sur¬ 
face of the greater wing of the sphenoid, reaching which, it encloses the foramen cro¬ 
tophitico buccinatorius. In man however, the lamina has narrowed down, with the 
consequent obliteration of the foramen. The reason as to why the lamina has narrowed 
down is to be found in the fact that man’s masticatory powers and function have been 
much reduced; and the lamina which gives rise to a powerful muscle of mastication 
has consequently become narrow. This is in keeping with Weidenreich’s view. 

15. Notes on land tenure and law of inheritance among the aboriginal 
people of Assam. 

Tarakchandra Das, Calcutta. 

Conception about ownership of land among the shifting hill cultivators. Consider 
at ion of the claims of different bodies to the land around the village. Recent changrs 
in attitude. Suggestions for enactment. 

Inheritance of movable and immovable property among the Assam tribes. Dis¬ 
tribution of primogeniture and ultimogeniture in Assam. Recent trend.^ of changes 
in the law of inheritance. 

16. Acculturation in a tribe of Chota Nagpur 

By Tarakchandra Das, Calcutta. 

The Hos of Kolhan have come in contact with the advanced people of Chota Nagpur 
and its surrounding regions for a long time. The process of acculturation started by 
this contact has received new impetus through industrialization of the district of Sing- 
bhum and improvement of transport facilities. 

Changes introduced in different culture-traits. Consideration of their effect oh 
the life of the Hos. 

17. The aboriginal problem in India. 

L. A. Krishna Iyer, Madras. 

Tribal administration has been a Central subject under the Government of India 
Act of 1935. The Government of India classified aboriginal areas into Excluded and 
Partially Excluded Areas which kept them beyond the purview and jurisdiction of the 
Provincial Governments. With the grant of freedom to the Indian Union, Provincial 
Governments will have to assume responsibility for the care and welfare of the abori¬ 
ginals in their areas. Already the Mardas, Bombay and United Provinces Governments 
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have constituted Aboriginal Committees to report on measures for their uplift. An¬ 
thropologists should be associated with tribal work to preserve tribal culture. The 
Government of H. E. The Nizam of Hyderabad have established a Social Service Cadre 
under Baron \'on Furer Haimendorf to administer the aboriginals. Orissa also has 
created a Social Welfare Department. It is hoped other Provincial Governments will 
follow in their wake and enlist the services of anthropologists for their work. 

18. Blood group frequoncios in the various castes and tribes of cultural 
Gujerat. 

D. N. Majxjmdajr and K. Kisiien, Lucknow. 

About four thousand people of Gujerat including Kathiwar and Kutch were 
examined in connection with the Racial and Serological Survey of Cultural Gujerat 
on a random sample basis, in 1940. The Survey was undertaken at the invitation of the 
Gujerat Research Society, Bombay, and financed by the Society. 

In this paper, the results of the statistical analysis of the blood-groups data of 22 
castes and tribes of cultural Gujerat are presented. The analysis reveals heterogeneity 
among the estimated probabilities of A, B, and O genes for tho 22 castes and tribes 
which is aseribable to the differences among the estimated probabilities p of A genes, 
g of B genes and r of 0 genes. Whilst the results are in conformity with those derived 
from the analysis of the anthropometric data they are in contrast with those obtained 
from the analysis of blood groups data of respresentative castes and tribes of the United 
Provinces where the ^ heterogeneity among the estimated gene probabilities was attri¬ 
butable only to the differences in p, the diferences in q and r being not significant. (The 
Eastern Anthropologist, Vol. I, No. I, pp. 8-16) 

19. Industrial relationship in some industries of Bengal. 

J. K. Bosb, Calcutta. 

Very few attempts have been made to study industrial relationship from the 
scientific point of view. In this paper an attempt has been made to show the relationship 
between the worker and management in some industries around Calcutta. Some of the 
typical eases have^ been discussed to illustrate the present position and a suggestion has 
been made for its improvement. 

20. On the Finger and palmar prints of the Santals. 

P. C. Biswas, Delhi. 

The present paper is on the finger and palmar print of the Santals of tho Maldah 
District of Bengal. In the Santal hand the white formula lL9.7.(l-5) appears in larger 
number than the Negro formula, 7.5.5.(l-5), The pattern loop appears on the hypo- 
thenar area of the Santal hand, in 28%, and on thenar area only, in 6% and on the III 
and IV interdigital areas it appears in 18% and 34% respectively. Among the combi¬ 
nation formulae of the three interdigital areas of tho hand of tho Santals, O.S.O., O.O.S., 
and 0.0.0. appear in higher frequency. 

The pattern loop, in the fingers of the Santal, appears in larger number than the 
whorl and in the occurrence of patterns loop and whorl in tho finger of tho vSantal a 
great similarity can be seen with the Negroes. 

21. An Epigraphical record of a social ostracism 

R. Basudeva Podtjval, Trivandrum. 

22. A note on Rh, incidence, 

S. D. S. Greval, Calcutta. 
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MEDICINE AND PUBLIC HEALTH 

1. A study of Lichen Planus in India. 

G. Panja, Calcutta. 

The 3 etiolog 3 ' of the disease was investigated. No micro-organisms were found in 
the lesions b 3 * aerobic and anaerobic cultures. The virus theory was also investigated. 
No solid immunity, no agglutinin against the filtrate of suspension from materials in 
the lesions, no inclusion bodies in the lesions and no marked improvement with the so- 
called virus vaccines prepared from the lesions were noticed. The disease was found 
non-contagious. It showed a plexus or spinal outflow distribution, the lower outflov/ 
being more often and more markedly affected than the upper one. The histological 
picture suggests that the disease primarily occurs in the deniiis. The affection occurs 
morecommonly amongst better classes of people. Clinical features of the disease were 
studied. 

Sodium thiosulphate one gm. intravenously twice or thrice a week should be given 
in acute cases. Autogenous vaccine from stool cultures and arsenic in the form of 
soamin or enesol are found good in subacute and chronic cases. X'ray exposures to the 
lesions arc found invaluable. An effective external treatment is suggested. 

2 . Staphylococcal Summer Gastroenteritis at Lucknow. 

A. Mukherji, Lucknow. 

Towards the end of March Gastroenteritis occurs every year at Lucknow and con¬ 
tinues for about six months. There is vomiting and purging, but the vomit is neither 
watery nor is tlie stool like rice w^ater. The pulse rate bears a proportion to the tem¬ 
perature. Stools are as a rule negative for Vibrio cholera. A preliminary investigation 
in 1945 pointed towards the possibility of staphylococci being tlie causative organisms. 

This year ( 1 Q 46 ) 134 stools of gastroenteritis and suspected gastroenteritis w^ere 
examined bactcriologically. Nine stools revealed Shiiiclla, fifteen vibrios and eighty-one 
"showed only staphylococci: twelve of which were strictly anaerobic, 29 had no pathogenic 
organisms. Various tests were carried out with 69 strains of aerobic staphylococci, 44 
of which were of aureus type, 18 albus type, and another 4 of citreus type. 

Out of the Gp aerobic strains of the staphylococci cdagulase test for virulence were 
carried wdth 31 strains and all were found to be positive, Enterotoxin tests were carried 
out with toxins prepared from eleven of tlie strains grown in Huntoon’s Hormone broth 
for five days at 37 ^, when four to five c.c. of these toxins were injected intraperitoneally 
to healthy adult cats. They had tremors, rise of temperature to about 40 ^ C, vomiting 
and purging. This proves that the strains of staphylococci isolated from the stools of 
gastroenteritis patients cause the disease. 
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3 . Melioidosis in a Sepoy, 

P. R. Krishna Iyer, Izatnagar. 

Blood and urinal samples from Sepoy Aji Ram, age 25 years, an inpatient in 135 
I. B. G. H. Bareilly were received for examination. The patient was suffering from 
pyrexia of an undulant type for about 6 months and he was suspected for Brucella meli- 
tensis infection. Biological and cultural tests, however, revealed Melioidosis, Pfeifferella 
whitmori being isolated in pure culture from the lesions in the testicles, lungs, liver and 
spleen of the inoculated guinea-pig. The patient had a history of field service in Burma 
and far eastern colonies. 

4 . Biometric Studies of School Children of Hyderabad State. 

M. B. Daver, Hyderabad-Deccan. 

It is the first biometric study of school children of Hyderabad State. An investiga¬ 
tion of the state of nutrition of over 18,000 school children has been done. Average 
height and weight for the age group 6 to 15 (boys) was determined. The averages are 
compared graphically with those of Punjab, Bengal, Madras, Ceylon and American and 
British boys. Indian children of a given height weigh much less than British or American 
children. School boys from Punjab and Bengal are heavier and taller than those from 
Hyderabad State; but Hyderabad boys are superior both in height and weight to Madras 
and Ceylon school boys. The general result of our investigation is to show that a large 
percentage of school children in groups examined are suffering from malnutrition due 
to deficiency diet, both in quality and quantity. 

5. Food and its Adulterants. 

S. K. Chatterji, Calcutta. 

Much stress has been laid on the adequate supply of wholesome food to the mass. 
This country, being a land of plenty can supply that. Proper cultivation, strict super¬ 
vision and adequate distribution are tlie three essential factors which come in forefront 
in the problem. A wholesome food should supply proteins, fats and carbohydrate with 
vitamins in such a proportion that 3000 calories must be had for an individual as his 
daily requirements. Lack of these factors in the foodstuff would invariably produce 
various deficiency diseases and thus would cripple up the whole nation. 

Milk being the essential food for growing children, invalids and old arc seldom 
obtained in a pure form. Addition of w^ater to whole milk or to separated milk, adul¬ 
teration of cow’s milk and buffaloe milk with each other, a mixture of fresh milk with 
stale milk or a mixture of milk powder to diluted milk are the usual procedure for 
adulterating the milk in this country. 

Mustard oil has been known to be adulterated with Pakra oil, argemone oil, arachi^ 
oil or even with mineral oils. Recently six samples of mustard oil were forwarded to 
this department to determine if they were fit for human consumption. They were all 
found to be heavily adulterated with mineral oil. Cocoanut oil has also been known to 
be adulterated with cheap groundnut oil. 

Ghee is seldom available in pure form. It is invariably adulterated with hydro¬ 
genated oil or cheap animal fat. A case of adulteration of ghee with petroleum jelly 
is also known to have occured. 

Milk, oil or ghee can however be tested for purity according to the standards laid 
in Ibe Food Adulteration Act. 
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Rice and wheat the two staple diets of the nation are also sold in an adulterated 
state in the market. On being stored for a long time in a damp unhealthy place the 
quality of rice and wheat deteriorates, looses their Vitamin B, and mineral contents and 
become unfit for human consumption. Estimation of the Vitamin B, and mineral 
contents are essentially necessary in these foodstuff in addition to the physical characters 
VO determine their suitability for human consumption. A sample of atap rice should 
contain Vitamin B,-i mgjmg and ash . 5 %. (minimum value) and a sample of unpolished 
rice should contain vit B, 1.5 Mg.jgm. and ash. 7 % (minimum). 

The wheat and wheat products are heavily aduterated with all possible adulterants. 
An admixture of bajra, rice or maize starch or of powdered silicates or stone chips 
with wheat product (atta) had been in practice for sometime. Thei adulteration with 
powdered seed of ripe tamarind fruit is a recent development. Soap stone or alum are 
also possible adulterants. In some cases no -wheat starch is nresent at all in the so called 
wheat product (atta) sold to public, which consisted entirely of foreign starch or even 
in some cases no starch at all. 

Powdered stone cliips, soap stone or alum have no food value rather act as irritants. 
The foreign starch grainsvof bajra, rice or maize though not harmful are not desirable. 
The seeds of ripe tamarind fruit, which contain a small quantity of starch (in addition 
to certain amount of protein and fat) is said to possess an astringent property and used 
in cases of dysentery with good results. Thus these tamarind seeds powder can not either 
be said to be harmful though not desirable. 

The Food adulteration Act lays stress on the value of the percentage of ash in 
these wheat products as the criteria for purity. But the presence of gluten as a qualita¬ 
tive test should also be looked for as routine method to identify the wheat product (atta) 
and the percentage of gluten should also be determined on which the purity of the staff 
depends to a certain extent. 

6- Calcium Hydroxide (Lime) as a posion. 

S. K, Chatterji and H. D. Ganguli, Calcutta. 

Death from poisoning by a caustic alkali is a rare incident, though of course cases 
of death from poisoning by caustic soda or caustic potash are on record. But an 
incident like poisoning by calcium hydrocide (lime) is not on record at all. Such a 
rare case is therefore no doubt of medicolegal interest. 

Portions of human viscera of an undertrial prisoner in a jail was forwarded to us 
for chemical analysis wdth a history that the victim committed suicide by taking some 
lime. He had several vomiting and died in about 254 hours of taking the lime, the 
exact amount of lime taken was not known. On post mortem examination the internal 
organs -were found to be only slightly congested. On chemical analysis salts of calcium 
amounting to 1.34 gram estimated as calcium oxide was detected in the total quantity 
of the liquid contents (about 200 c. c.) found inside the jar containing the viscera. 
Calcium oxide (unslaked lime) or calcium hydroxide (slaked lime) are used externally 
as a caustic in the form of a paste (Vienna paste) to remove warts and other epithelial 
growths. Calcium hydroxide (lime) is also taken'by mouth with betels in pan but 
that is in a very small quantity, which produces only beneficial effect but no harm. 

When taken by mouth these oxides and hydroxides may act as a corrosive poison, 
the intensity varying with the amount taken. The action of the oxide or hydroxide is 

to the alkalinity and not due to calcium. The symptoms of poisoning being as usual 
severe burning pain in the mouth extending up to the stomach. Vomiting^may also 
take place, the vomited matter having an alkaline reaction. There may be shock and 
collapse with rapid feeble pulse, cold clammy skin and death may follow within 24 hours 
as in other strong alkali poison. 
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These corrosive alkalies are usually used for suicidra purposes rather than homicidal. 
The treatment followed may be the usual procedure as in other corrosive alkalies. 


7. A Case of rapid elimination of Arsenic from tissues in a fatal case of 
poisoning. 

S. K. Chatterjt and H. D. Ganguu, Calcutta. 

Arsenic is a commonly used poison employed for homicidal purpose and the detection 
of arsenic in the cadaver in a fatal case is of great interest from medicolegal point 
of view. 

Arsenic on being absorbed from the intestinal canal passes to the liver and quite a 
fair amount is stored there. From liver it passes through blood stream to different 
parts of body and is then gradually excreted by the kidneys. It has been found that 
after a single dose of arsenic, it gets eliminated in the urine within half an hour and 
continues to be excreted for about 10-15 days. In acute arsenical poisoning cases the 
excretion takes place through urine even for a longer period. 

The distribution of arsenic in different parts of body depends much upon the interval 
between the intake of the fatal dose and the death of the individual. In rapidly fatal 
cases, the stomach and its contents usually show the presence of relatively larger amounts 
of arsenic than the other organs, as muth time is not elapsed for the poison to be absorbed. 
In cases where vomiting has been excessive, a large portion of the ingested arsenic 
is lost by this procedure and very little is left for detection. Though of course there 
are cases reported in which considerable arsenic has remained in the stomach even 
inspite of constant vomiting for several days. It is also certain that there will be 
more arsenic found in the stomach if the poison be taken in solid form than if it is 
ingested in solution, as the former has a tendency to fix itself to the mucosa and is 
not ejected out with vomitus. 

Arsenic is usually found in tissues submitted for examination in cases where death 
has not been delayed, yet there are cases on record in English Text Books of Jurispru¬ 
dence^ in which no arsenic has been found in any such tissues where death, took 
place after a period of 7-14 days. 


Severi failed to detect arsenic in the stomach and intestines, liver, spleen and 
kidneys of a person who had died in 8 days after poisoning by Arsenic. In a case 
of death from arsenical poisoning who suffered the usual symptoms and died on the 
16 th day, though the stomach was found to be ulcerated, no arsenic was detected on 
analysis of stomach, liver and spleen. 

Elimination aided by copius vomiting caused the removal of all detectable quantities 
of arsenic in the case of a man who died in li days after having been poisoned by arsenic 
in coffee. No arsenic was detected in the stomach, liver or spleen on analysis. 

Recently one such case happened in this country in which the victim was said to 
have been poisoned by the rival party with the effect that the said victim had severe 
vomiting for 2 days and then died of exhaustion. On postmortem examination the 
internal organs did not reveal any definite sign of poisoning and no poison could be 
detected in the stomach, liver and kidneys of the deceased forwarded for examination 
in this department. A quantity of earth said to be mixed with the vomited matter of 
the deceased was forwarded to us later in which an appreciable amount of arsenic was 
detected. On estimation 34 mgs of arsenic (calculated as AS 203 ) was detected in 
5 grammes of earth. 

A sample of earth from the neighbourhood was wanted for control test and it was 
found to be arsenic free. So the incessant vomiting for 2 days has eliminated the 
whole amount of poison administered. This I presume would be of medicolegal interest 
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in which no arsenic could be detected in the tissues in a case in which death took place 
only after 2 days of intake of the toxic dose where elimination aided by copious vomiting 
caused the removal of all detectable quantities of arsenic. 

S. '‘Kirkkii Varaghu” Poisoning in man and Animals in Madras 
Presidency. 

G. R. ViswANATHANj Madras. 

Paspalum scrohictdatum, otherwise called in Tamil as Varaghu, is generally used by 
the middle and labouring class of this presidency^ as food, instead of rice. This is 
supposed to be one of the best food containing, plenty ot proteins. During recent years, 
it has been found that this grain and its products prc'duce some intoxicating effects in 
human beings and animals, when, taken as food even 'eifter boiling. This is due to the 
presence of some white fungus like things present in them. 

It is called “Kirukku Varaghu” due to the symptoms observed a 2 the result of 
eating the husk and grain, "which are suspected to contain a sort of intoxicating poison. 
Symptoms seen generally are inappetence, impaction, tympany, vomitting in human being 
after driniring water, excessive thirst, a sort of giddiness and dullness, unsteady gait 
and in some cases inability to get up even for 2.4 hours. Symptoms of madness noticed, 
in some cases. Death occurs if not attended to immediately. Death is due to asphyxiation. 

All animals are affected. Donkeys suffer m an acute manner. More than 10 
elephants have died. Post mortem reveals the presence of the grains etc in the stomach. 
The disease has been produced in dogs and also in a pony by feeding experiments with 
the suspected material. 

TREATMENT :—Plenty of tamarind water is given combined with sucar cane 
juice; recovery is noticed in some cases. The suspected poison is expected to one 
of glucoside. 

9 . Seasonal Variations in HCN Content of some common crops and Tree 
leaves. 

N. D. Keh.4r and L. V. L. N. Sastry, Izatnagar. 

It has been observed that most of the so far known poisoning cases of livestock in 
India, are due to prussic acid. Observations were, therefore, made to find out the 
variation in HCN content of crops every month from the time of sowing till the plant 
was dead ripe. The following crops (Summer and winter) were examined for 
their HCN content. Jower, Bajra, Maize, Moong, Urd, Cowpea, paddy, Silmile, Ground¬ 
nut, Til, Guar, Sanhemp, Patsan, Moth, Arhar, Barley, Alsi, Peas, Gran, Khasa, Sarsun, 
Wheat, Masoor, Oats and Taramira. The effect of Irrigation has also been studied. 
The HCN content has been noted to increase till the plant reaches its flowering stage, 
after which it decreases as the plant ripens. Winter crops are founcf to ^contain more 
HCN than the summer crops. In general, it has been observed that the samples from 
the irrigated village contained less HCN than the corresponding ones from the non- 
irrigated village. 

In the case of tree leaves observations were started in the month of July and ex¬ 
tended for a period of one year, the HCN being determined at monthly intervals. It 
appears that HCN is maximum in the month of March and minimom in the months 
of May and June. Amongst the leaves examined (Pakhar, Mango, Neem, Bargad, Beri, 
Babul and Pipal) P'akhar appears to contain the maximum and pipal the minimum 
amount of prussic acid. 

10 . A Study of the Tubercle of Whitnall in tlie South Indian Skull. ‘ ' 

A. Ananthanarayana Ayer, Madras. 

This study is based on observations’on dghty adult skulls, ten pairs of zygomatic 
bones of children, and a series of dissection of the orbit. 
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The orbital tubercle of W'hitnall is present in 93 per cent of skulls, and is located at 
a point I cm. inferior to the fronto-zygomatic suture. In very young children the tubercle 
is not marked and it gradually forms during childhood and adolescence. 

Frazer ( 1940 ) considers that the attachment of the lateral check ligament is 
responsible for its formation. The present writer disagrees from the view. It is 
noted that the orbital tubercle is absent in Primates lower than man; and that it comes 
into form and size during cliildhood. The direction of the tubercle as represented by 
a normal at its apex is medial and not backwards. The author^s dissections show that 
the lateral retinaculum of Hesser is not compacted to a cord at the point of attachment; 
and hence it seems as if the individual moieties of the ligaments constituting the lateral 
retinaculum could produce varying piills at different parts of the area of attachment. 
The author puts forth the suggestion that the lateral palpebral ligament is mainly 
responsible for the formation of the tubercle and that this strain on the lateral palpebral 
ligament is itself dependent on the establishment of binocular vision in men with its 
concotnitant convergent accommodation. 

II. Percursin for the qualitative replacements of blood and treatment of 
Tuberculosis. 


J. N. Missra, Waini 

Precursin is the medical name given to the red precursor of the like -of Etioporphyrin 
found in the Chlorophyll 11 of plants. This is related to hacmatin of the human blood. 
Etioporphyrin molecules within its constitution has pyrol groups which forms Chlorophyll 
by a chain reaction. 

The chloroplatic red pigment being glucoside in nature and formed under 
the conjoint acting of alkalies and oxygen is exactly like our arterial blood pigment. 
Thus the qualitative replacement of blood can be effected by the use of precursin. 
Considering the important action of Precursin on cod liver oil, I am inclined to believe 
that when the substance is circulating in blood in the pulmunary area and*while imparting 
its colour, emulsifies the fatty contents of. T. B. by virtue of its alkalies. Precursin 
is being given subcutaneously at present The effect of this substance on the T. B. patients 
has been studied which shows encouraging results. Further investigations are in 
progress. 

phalKmacology and therapeutics 

12 . The Intestinal Excretion of 'Ththallidine'' and ^‘Suxidine.^' 

A. N. Bose and P. C. Rakshit, Calcutta. 

From a study on sulfaguanidme, sulfabenzide and sulfathiozole it has been shown by 
Bose, Ghosh and Rakhit ( 1946 ) that the efficacy of the Sulpha drug in the treatment 
of bacillary dysentery would depend to a considerable extent on its higher water solubi¬ 
lity as this would have a greater chance of reacting the affected tissues. But as 
phthalyl—and succinyl-sulfathiazole (phthallidine and suxidine respectively) arc known 
to have definite action against dysentery organisms without being so soluble in water in 
vitro, the mode of their intfcs.tinal excretion has been studied and the bearing of this 
has been discussed in relation to Marshairs hypothesis on the mode of action of sulpha 
drugs against intestinal infections. 

In order to throw further light on the problem the bacteriostatic action and excretioii 
of the succinyl sulphanilyl benzamide is also being studied. 

On the Specificity in the action of Penicillin. 

Mariam George and K. M. Pandalai, Bangalore. 

The Gram sensitive nature of antibiotic substances is now one of their well-recognized 
properties. Due to the increased significance of the recent finding that the presence 



Medical and Veterinary Sciences 


77 


oi Ivlg. ribo nucltjate is one of the criteria deciding the Grani nahire of the pathogen, 
experiments -^r’ere projected to examine the influence of this substance on the nature 
of penicillin inhibition on gram-negative organisms. As a result it was proved that 
Mg. ribo nucleate stood to gram-negative pathogens in the same relation as did ordinary 
nucleic acid to the grirn-positive pathogens in that the added ^Ig. ribo nucleate antagoni 2 ed 
the inhibitory acticii of pencillin on gram-negative organismas and also allowed the 
organisms to grow from the non viable condition rendered by contact' with penicillin. 
The results however indicate that the addition of Mg ribo nucleate to cultures of insensi¬ 
tive gram-negative organisms does not help them to become susceptible to lower 
concentration of penicillin as would be expected. This means that Afg ribo nucleate 
alone cannot render a gram-negative erganism allied in its nature to a gram-positive 
organism from point of view of susceptibility to penicillin is concerned. This, definitely 
shows that the specificity is a matter merely of experimental conditions and the concen¬ 
tration of the drug and that it can be adjusted by suitable modifications of the inhibiting 
environment. 

The observations would also show that the Gram positive or negative character of 
an organism is a physiological property and depends primarily upon the differences in 
their metabolic reaction pathways. 

14 . A possible mode of action of penicillin. 

M. George and K, M. Pandalai, Bangalore. 

The influence of the nucleic acids on the bacteriostatic action of penicillin war 
investigated in detail and the following conclusions have been reached. 

Nucleic acids act as inliibitors of penicillin action. Thus parasites are able to grow 
even if tfiey are in contact with penicillin provided the medium contained added nucleic 
acids. 

Nucleic acids possess the power of restoring the viability of organisms which became 
non-viable after the contact with penicillin. The revived organisms grow and multiply 
normally. 

The Gram-negative penicillin insensitive organisms under the influence of sub- 
lethal doses of penicillin undergo morphological changes chiefly the gram-staining 
characteristic. They become temporarily gram-positive. 

Such gram reversing change was later found to be a fundamental one for all orga¬ 
nisms under llie influence of penicillin, for example, Sfaph aureus, Strcpfo-ha^molytictu 
and j^. dysenferidt underwent temporary gram reversals. This means that penicillin 
bacteriostasis is always preceded by morphological changes, especially the Gram-staining 
character. 

It was also observed that in the case of Gram positive organisms which underwent 
temporary Gram-reversal the organisms could be restored to the original form by added 
nucleic acids; but, that, nucleic acids did not possess this property of restoring the 
morphological form to the reversed gram negative organisms. 

On the basis of this evidence, a postulate is made that penicillin interferes in the 
metabolic processes of the parasites particularly in the phases where nucleic acids feature 
either as metabolites, helping cell 'division, or function as respiratory catsdysts or as botli. 

15. Action of amidopyrine on the haemopoietic system. 

C. R. Das Gupta and J. B. Chatterjee, Calcutta. 

Amidopyrine in doses of 0.04 gm. and o.i gni. per kg. body weight was given daily 
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to two groiu>s o£ Rhesus monkey for 6 and 5 months respectively. There w'erc cwu 
monkeys in each group and the drug w^as given orally through a stomach tube. 

Examination of blood was done at intervals of 10 to 14 days for total and differen¬ 
tial white cell counts and at longer intervals for luemoglobin, red cells, reticulocyte and 
corpuscular values. No significant change was seen in the haemoglobin, re<l cell count, 
reticulocyte and coriMiscular value but slight variation in the total and dilTcrential white 
cell count was occasionally noted in all the animals. No definite loucopeiiia or neutro¬ 
penia was, however, noted in any of the animals at any time. 

Even in the absence of any definite change in the blood values, bone marrow findings, 
obtained by tibial puncture, showed definite changes at the end of the experimental 
period. In all the animals of both the groups, definite hypoplasia of marrow^ was noted, 
with relative and absolute diminution of the cells of the granular series and of the 
precursers of red cell series. Relative increase of the cells of the non-granular white 
cell series was however noted in all the animals, but absolute increase of these cells was 
observed only in the animals receiving the smaller dose— 0.04 gin. [kg. 

16 . Chloroquine (SN 7618 ) in malaria—report on $0 cases. 

R. N. Chaudhuri, M. N. Rai Chaudhuri and N. K. Chakravarty, Calcutta. 

Chloroquine (SN 7618 ) is 7 -Chloro -4 ( 4 -diethylamine-I-methyIbutylamino) quinolin 
•derivative synthesised in the United States. Its properties are similar to those of 
mepacrine, but it possesses about three times its activity and does not colour the skin. 

In this series 50 patients with active malarial infection were treated with this drug. 
Out of these, 18 were malignant tertian, 27 were benign tertian and one was quartan, 
while 4 had mixed benign tertian and malignant tertian infection. They were studied 
particularly with the object of finding out the time taken to control the fever, the time 
for the asexual parasites to disappear from the peripheral blood and side effects, if any. 

The following two schedules of treatment were tried: (A) Two tablets (each con¬ 
taining 0.25 gm. of base) followed by one tablet after 6 hours and tliai one tablet on 
each of the two consecutive days—a total course of 5 tablets. (B) A single dose of 6 
tablets. * 

Forty eight patients were above 12 years of age and received one or other of the 
above two schedules. Two patients under twelve years had proportionately less amount 
of the drug. 

The average effect of the treatment has been (i) to bring ttie temperature to normal 
in 26.8 hours with regime A and in 26.4 hours with regime B, and ( 2 ) to cause dis¬ 
appearance of asexual parasites in 35 hours with A and in 3 X.S hours with B. These 
results show that the drug is very effective in terminating an attack in a short time and 
is highly active against asexual parasites. 

Twenty patients were under observation in the hospital for 15 to 30 clays. None had 
a relapse while in the hospital. One case of malignant tertian and another of benign 
tertian malaria however came back with fever and homologous infection 30 days and 
45 days respectively after tile discharge from the hospital. 


The gametocytes continued to appear or persist in the peripheral blood inspite of 
treatment 

Some untoward, effects of tlie drug were ob->crvea in 5 patients. They complained 
of fine or more of the following symptoms; insomuia, nausea aud gastric irritation. 
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pruritus and pain in the lower abdomen and thighs. These side effects were obtained 
with both schedules A and B, and they disappeared in 2 or 3 days. 


17. Effect of vitamins on the micro-organisms of angular conjunctivitis and 
chelitis. 


G. Panja, Calcutta. 

The growth of Morax-Axenfelds’ bacillus and Petit’s bacillus isolated from cases 
of angular conjunctivitis and chelitis is markedly inhibited by B2 complex (Riboflavin, 
nicotinic acid and yeast extract) and partially by vitamin Bi but stimulated by vitamin 
A in liquid as well as in solid culture medium, whereas the growth of t>'phoid, dysentery 
and cholera organisms, Bact. Coli. Staphylococcus, Streptococcus, Pneumococcus, Anthrax 
bacillus, Proteus^and Pyocyanea bacilli is practically unaffected by riboflavin. The action 
of riboflavin is bacteriostatic only and not bactericidal. That the two above organisms 
of angular conjunctivitis are pathogenic is corroborated. RibolfWvin alone given inter¬ 
nally favourably influences the disease of its marked bacteriostatic effect on the organisms, 

18. Parenteral Use of Sterile Sea Water in the treatment of Certain skin 
diseases. 


K, N. OjHA and K. Venkatachalam, Cuttack. 

The injection of sea water intra-peritonially as well as intravenously has been found 
to effect a complete cure of cases Sarcoptic and follicular manges in canine patients and 
also in Ringworm infection in bovine. (Capt. K. Venkatachalam and others). 

It appears that the improvement of the mineral constituents bf the blood by intro¬ 
duction of sterile sea water makes unfavourable conditions for the parasites to- Uve in 
the skin tissues. 

This prompted us to try sterile sea water in human skin diseases caused by parasites. 
About 70 cases of typical scabies and 10 cases of Ringworm infections and 10 cases of 
eczamatoid lesions of the skin were selected -and 3 c.c. of sterile sea water was given 
subcutaneously every day for 20 days. 

Observations :—Itching which is so severe was absent after 3-4 days of injections 
and the lesions showed drying up gradually. In very mild cases the cure was within 
10 to 12 days. In heavily infected cases repetition of another course was found neces¬ 
sary after some time. Eczamatoid lesions became dry within a week and healed up 
gradually within 2-3 weeks. No toxic symptoms were noticed to occur. Further work 
is in progress. ^ 


19. Note on Lathyrism. 

M. N. Rudra and H. C. Ghosh, Darbhanga. 

The result of treating Lathyrism patients with daily intramuscular injections of 
0.5 mg. prostigmin “Roche” is described. Given in this dosage the drug appears to have 
very little effect in the patients’ conditions. It is admitted that the given dose is only 
half of what is reported to be effective. 
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20 . The Chemical Composition and therapeutic value of the juice of fresh 
leaves of Peepul (aswath) tree. 

S. K. Chatterji and H. D. Ganguli, Calcutta. 

The sacred tree loiown as Peepul tree (aswath) is widely distributed all over India, 
so naturally it may be assumed that beneficial effects in some form or other may be 
derived from every part of the tree. So far the root, bark and fruit of the tree have 
gent and is used in various skin diseases and in gonorrhoea and Icucorrhoca. This may 
been tried. The fruit is said to be a laxative and helps digestion. The bark is astrin- 
be due to the tannin present in the bark. The seeds are also said to be cooling and 
refrigerent. The juice of root is said to be a good tonic. 

The green leaves have a property which is not known to many. The poorer class 
of people, particularly in a village where not much medical help can be received, use 


the juice of green leaves of the tree for the treatment of diarrhoea. They use it even 
in cases of suspected Cholera and wdth successful result. About i teaspooiiiul of the 
fresh juice mixed with a little sugar is administered every hour till the vomiting and 
purging ceases. Noting this beneficial effect, the chemical composition of fresh juice 
of leaves was determined. 

Small leaves. Big leaves. Twigs (soft) 

without leaves. 


p.C. 

p.C. 

p.C. 

I. Moisture and volatile matters 

.. 84.56 

78.58 

81.06 

2. Ash 

3.63 

4.49 

i.6s 

? Organic matter 

.. 11.81 

16.93 

17.29 

Total 

.. 100.00 

100.00 

100.00 

4. Hydroc3^anic acid .. 

Nil 

Nil 

Nil 

5. Total Nitrogen 

1.5 

1.5 

0.98 

6. Protein content 

9.37 

9.37 

6.12 

7. Alcoholic extract 

4.2 

4.6 

2.8 

8. Carbohydrates 

7.6 

13.9 

14.4 


9. The mineral constituents have been found to be nuiinly consisting of Sulphates, 
PliGSphates and Carbonates of Sodium, Potassium and Iron. 

10. There were also traces of other salts like—Magnesium, Calcium, Copper, 
Manganese and Aluminium. 

This has only been a preliminary step towards the investigation of the action of 
juice of Aswath leaves. 

Investigations are still in progress to determine the effect on Cholera patients and 
the result will be published in near future. 

I 

PATHOLOGY, MICEOBIOLOGY AND PARASITOLOGY 
21 * Staphylococcal antihaemolysin in normal and diabetic sera. 

G. Panja and A. Ahmed, Calcutta. 

The sera of 80 non-diabetic and 15 diabetic patients were examined for Staphylococcal 
antihaemolysin. 8 M.li.D. of Staphylohsemolybin active in 1 in 12S dilution was used for 
the test. It was found that the presence of antihaemolysin was much less in diabetic 
blood than in normal blood. Not a single diabetic patient showed any antihaemolysin 
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when the serum was diluted i in 64 but in normal persons 2.7 per cent, showed the 
presence of antihsemolysin when the serum was so diluted. When the serum was diluted 
I in 4, 97 per cent, of nondiabetics showed antihaemob’sin whereas 80 per cent, only of 
diabetics showed it. No antihseinolysin was detectable in normal sera when the dilution 
of the serum 'was carried to i in 1024. There was rise of antihaemolysin content in 
diabetic sera pari pasii the fall of blood sugar during the course of treatment. 

There was no appreciable difference in antihaemolysin-content before and after injec¬ 
tions of Staphylococcal vaccine in non-diabetics, though there was generally a rise of 
agglutinin after injection. It is believed therefore that the presence of staphylococcal 
antiliiemolysin is a better index of siaphylococcal immunity than the staphylo 
agglutinin. 

22. Streptococcal Septicaemia in albino mice. 

V. R. Rajagopalan, Mukteswar, Kumaun. 

Two outbreaks of streptococcal septicsemia in white mice were encountered during 
1946-47 among the laboratory stock of mice. 

The characteristic symptoms were dull and lustreless coat, hurried breathing, casea¬ 
tion of superficial lymphatic glands and ulceration and scab formation of the skin of 
the back. In some cases dry gangrene of the tail or swelling of one or both hind feet 
were noticed. 

A haemolytic streptococcus belonging to Lance field^s group C was isolated from the 
lymph glands, heart blood and from all the internal organs. 

The disease was reproduced in mice both by parenteral inoculation and by feeding 
of the cultures. 

23. Utilization of ground-nut cake hydrolysate as medium for antibiotic 
production by micro-organisms. 

R. Raghunandana Rao and P. R. Venkataraman, Bangalore. 

A study of some of the cheaper nitrogenous raw materials to find out their use as 
media for antibiotic production by micro-organisms was carried out. Enzymic digest 
of ground-nut cake was found to serve the purpose satisfactorily. The digest is pre¬ 
pared by hydrolysing powdered ground-nut cake 'with 2% papain for about five hours 
at 80^C. The clear filtrate has been used in the medium after adjusting the total 
solids to 2%, The filtrate was analysed for total solids, total nitrogen, non-protein 
nitrogen, basic nitrogen, amide nitrogen, amino nitrogen, tryptophane, tyrosine, cysteine, 
free nicotinic acid, total sugars, potassium, calcium, iron and phosphorous. Different 
members of the aspergilli like A, fumigatus. A, ustus and A. calvatus and also 
Streptoniyces griseus gave good antibiotic production when grown in media containing 
the hydrolysate. 

24. Relation between Antibiotic production by Aspergillus Ustus and 
source of nitrogen. 

R. Raghunandana Rao, Bangalore. 

Experiments were carried out to find the relationship if any between the source of 
nitrogen and antibiotic production by Aspergillus ustus. The sodium nitrate of the 

Czapek-Dox medium was replaced by other nitrogenous materials the amount of 
nitrogen however remaining the same. The sodium of sodium nitrate was incorporated 
in the media by the addition of an equivalent amount of sodium chloride. Sulphate, 
Chloride and nitrate of ammonia formed the inorganic nitrogen sources, urea, asparg^e 
^nd glycine the organic nitrogen sources and wheat bran extract and enzymic digest 
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of ground-n^. cake the complex sources. Antibiotic activity and pli of the culture 
fluids, and weight of mycelial growth were found out daily. The experiment showed 
that complex sources of nitrogen favoured antibiotic production, whereas simpler sources, 
both organic and inorganic, favoured acid production. Growth was however more in 
the simpler sources. 

25. The Role of Iron in the Production of Tetanal Toxin. 

M. K. K. Menon^ Guindy. 

The vital part played by iron in any medium used for the production of Tetanus 
Toxin has been recognised in recent years. Attempts were made in this laboratory 
to find out the optimum level that is conductive to production of a high potency toxin 
uping Clostridium tetani as the strain and peptic digested beef broth as the medium. 
Micro-estimations of iron were made by using alfa Dipyridyl, based upon the reaction 
of ferrous iron with this reagent M. L. D. determinations were made on white mice 
on several batches of toxin. High potency toxins were consistently obtained when 
the iron level was kept at about 0.125 milligram per litre showing thereby that this is 
the optimum level. 

26. Studies in Anthrax transmission. 

B. C. Basu^ Izatnagar. 

The role of arthropods in the transmission of Anthrax is under investigation. 
Experiments were tried on guinea-pigs. The arthropods which are being tested are: 
Musca (mostly nebulo), Culex, sp.^ Aedis albopicta, Anophelis annularis, Hsamatopinus 
tiiberculatus, Hyalonma Btgyptiunk Argos persicus, Ornithodorus savignyi, Ornithodorus 
crossi, Ctenocepluilus felts and Tabanus rubidus. 

Three types of mosquitoes, buffalo lice, Argas and Ornithodorus ticks and Tabanus 
flies failed to transmit the disease by interrupted feeding (i.e., half feeding on an infected 
guinea-pig and refeeding on a healthy one immediately afterwards). Musca flics (upto 
four hours through abraded surface). Hyalomma ticks and Ctenocephalus fleas could 
transmit the disease by interrupted feeding. 

Survival of Anthrax organisms in tlie gut of the above arthropods have been 
studied. They survive upto forty hours in Musca, one hour in mosquitoes, forty-eight 
hours in Ornithodorus, fifteen days in Argas, forty-five hours in Hyalomma and 
twenty-four hours in H^matopinus and Ctenocephalus. 

Culicine larvae developing in water containing Anthrax spores yielded adults with 
guts non-infected with Anthrax. Anthrax organism survives for fourteen days (or 
longer) in the gut of earthworms, feed artificially with Anthrax spores, 

<1 

NUTRITION AND BIOCHEMISTRY 

27. Effect of prolonged administration of Intermediary metabolites on the 
blood-sugar level of rabbits. 

M. C. Nath and H. D. Brahmachari, Nagpur. 

Sodium salts of the Intermediary fat metabolism products (viz., acetoacetic acid, 
B-hydroxy-butyric acid) while injected daily in the normal rabbits, gave rise to the con¬ 
dition of hyperglycemia after a certain period. 

This state of hyperglycemic condition does not persist for long, and after a particular 
time the blood sugar values begin to fall down if the daily dose 'is not allowed to be 
increased. 

By gradual increase in the doses of these compounds it has been possible to maintain 
a typical type of hyperglycemia charcterised wUh decreased sugar tolerance as in case 
.of clinical diabetes mellitus. 



Medical and Veterinary Sciences 83 

Glycosuria and acetonuria have been observed along with hyperglycemia in the 
animals receiving injection of gradually increased doses of B-hydroxy butyrate. 

28. The test of detoxicating function of liver by sodium benzoate injection 
in normal and allergic states in Indians. 

G. Panja and S. Banerjee, Calcutta. 

Exactly one hour after an intravenous injection of 1.77 gm. of sodium benzoate 
(equivalent to 1.5 gm. of benzoic acid) dissolved in 20 c.m. of distilled water, the ex¬ 
cretion of hippuric acid calculated as benzoic acid was tested by the method of quick 
allergic states such as atopic dermatitis, eczema, etc. In the normal group, all were adult 
males; average excretion was 0.701, the range varying from 0.23 to 1.22 as compared 
with the English figures, average 0.768, range 0.41 to i.io based on 20 females cases only, 
American figures—range 0.72 to 0.95. In the group with allergic states, the average 
excretion was 0.62, the range varying from 0.23 to 1.09 (33 adult males and 5 adult 
females). 

The figures statistically examined show no significant difference between the control 
and the test cases, indicating thereby the possibility of absence of any role of the liver 
in its detoxicating function in the allergic states. 

The average normal Indian figures are given in the paper. 

MISCELLANEOUS 

29. Note on Tail’s nitric acid test for mustard oiL 

M. N. Rudra, Darbhanga. 

Lairs nitric acid test has been found to be useless for detecting adulteration of 
mustard oil with Argemone mexicoena oil. 

30. Observations on Sera of normal population in Bombay. 

Mrs. S. D- Soman, Bombay. 

Analysis of 1042 sera submitted to W. R. and Khan and 6492 to standard Kahn 
test are presented. Of 1042 sera submitted to the two tests, discrepancies are noted in 
25% of all reacting sera; this compares favourably with the findings of other worker. 
Of these 16.9% were due to W. R. +ve and Kahn —ve and 8% were due to W, R. 
—^ve and Kahn -f-ve . The former is twice that of •'the latter in this series, while the 
results of other workers indicate that these two kinds of discrepancies are equal. This 
may be due to the smaller and selected number of sera submitted to both the tests in 
the present series. It is noted, however, that W. R. is more sensitive, i.e, 97% than 
5.8% sensitivity of Kahn test From the available history of cases it appears that most 
of the W. R. +ve are syphilitic cases and the discrepancies are mainly in these. The 
incidence of Kahn +ve is in confirmity with reports of others workers. 

Blood donors in other countries usually represent random samples of population 
and this accounts for a veiy^ insignificant, 0.759^, to 0.9% positive rate in general popula¬ 
tion (Br. Jour, of Veneral Diseases, June 1944)- The sero-positive rate in blood donors in 
the present series is 5%. Greval, from his experience in Calcutta, states that sero¬ 
positive rate for the general population must be very low and the sero-positive rate 
indicative of syphilitic infection insignificant. 
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31. Cation-Exchange resins for recovery of Quinine. 

N. Krtshnawamy Rao and K. V^'enkataraman^ Hangalore. 

The serious shortage of quinine caused by the World War 11 has been sought to be 
countered by extending the area under cultivation. lmi)rovnnenls in methods of 
working the bark would offer immediate results. 

Ion-exchange resins which can be used in acid medium can be employed for the 
recovery of quinine from acid extracts of the bark on a continuous cycle. The por¬ 
table nature of ion-exchange units and the fact that the wet bark gives (Applezing 
1944) a larger yield of quinine makes it possible to work the bark in the plantations 
thus avoiding the troublesome process of drying and costs of haulage and powdering. 

As a preliminary to investigating the possibility of employing such a method we 
decided to study the capacity (for absorption of quinine) of a resin prepared by one 
of us from a local tanning bark (Cassia Auriculate). Percolation of a weak (0.2%) 
solution of quinine sulphate through a column of the resin showed a capacity to "break 
through” of II gms. per 100 c.c. resin bed. Parallel experiments with an American 
product (“amberlite I R. 100”) gave a capacity of 13 gms| 100 c.c. Organic solvents 
could be used for elution but we have found that aqueous ammonia is also satisfactory. 

Further work is in progress to study the recovcr5?’ from Cinchona bark and to in¬ 
vestigate the possibility of evolving simple methods for the separation of quinine from 
the associated alkaloids. 

32. Removal of fluorides from water. 

K. Venkataramanan, N. Krishnaswamy Rao and T. Ramakrishna Nair, Bangalore. 

Fluorosis is endemic over several areas of our country. The main source of 
ingested fluorine appears to be the drinking water. While there is evidence that 
nutritional supplements can mitigate the severity of the symptoms, a more direct asid 
practicable approach would be to reduce the fluorine content of the water. 

A large variety of methods have been investigated from the point of view of our 
local conditions which make cheapness and simplicity of operation the more over-riding 
requirements. The use of paddy husk carbon treated with alkali and then with alumi¬ 
nium salts appears to be promising. The fluorine-containing water is merely percolated 
through a column of this carbon, The exhausted material ^an be regenerated by 
percolation of a solution of alum. 

The following are among the other materials discussed: Bone, Bone charcoal, 
tricalcium phosphate, superphosphate, various carbons with and without activation, Alu¬ 
minium phosphate, Aluminium silicate, natural clays, calcium aluminate, cation and 
anion exchange resins, and cation exchange resins charged with Aluminium ions. 

33. The problem of brackish Water. 

K. Venkataramanan and C. P. Natarajan, Bangalore. 

Rural areas and many urban area in the Presidency of Madras depend on wells 
for their supply of drinking water. In many areas where the wells yield brackish 
water, the problem of obtaining palatable drinking water is acute. 

This problem can be approached in several ways viz (a) to seek an explanation 
for the occurrence in close proximity of fresh and brackish-water wells and to inves¬ 
tigate if the adsorptive or other processes in the intervening soil play any part in the 
reduction of the brackishness of the water; (b) to investigate methods which would 
enable us to tap fresh water and avoid the intrusion of brackish springs and (c) tQ 
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devise simple methods o£ treatment to convert brackishwater into “sweet’' water. The 
possibilities in each of these directions have been examined. A varietj^ of materials 
have been prepared and studied for use as cation and and anion exchangers. Resins ob¬ 
tained by condensation of the extract of tanning barks (Cassia auriculata & Wattle 
bark) with formaldehyde have shown good capacity which has not suffered on continuous 
use (with regeneration) over a period of 2 years. 

34 * A chemical test for detection of the active principle of gloriosa superba 
in human and animal tissues. 

S. K. Chatterji and H. D. Ganguli^ Calcutta. 

Gloriosa superba an ornamental creeper plant, belonging to the N. 0 . Legmninosee 
is quite common in Bengal and in low jungles throughout India. Its flowers are used 
by the Hindus in the worship of “Shiva”. The white juicy tuberous roof which is 
more or less flattened or cylindrical in shape often 7-8 inch, in length and about i inch, 
in diameter (when fully grown) is considered as one of the seven minor poisons of 
Sanskrit writers. It is oftCii mistaken for aconite root and used as an adulterant 
of aconite. Besides, tannin and resin it contains a bitter principle which has been 
termed “Superbine”. 

It is known to have been used as a poison both as a suicidal as well as an aborti- 
fecient with fatal results. The symtoms were like those of an irritant posion viz., 
Nausea, Vomiting, diarrhaea. Convulsions, profuse sweating, coma, collapse and death. 
On post mortem examination the internal organs like stomach intestines, lungs, liver 
and kidneys were all found to be congested. 

No definite chemical test for its detection in the human and animal tissues is to be 
found in any toxicological text books. Attempts had therefore been made to find 
out a suitable chemical test to detect the active principle of the plant in human and 
animal tissues in a fatal case of poisoning by it. Several experiments were conducted 
and the following results were noted:— 

I. An acid chloroform mixture was found to be the most suitable agent for. ex¬ 
traction of the poison from a sample of dried powder root. 

(N. B. An acid or alkali ether extract or an alkali chloroform extract was not found 
to be suitable for the purpose). 

The residue obtained on evaporating the acid chloroform extract of the dry powdered 
root was then tested. 


a. Taste — Bitter. 

b. Mayer’s — Negative. 

c. With Hcl or;02gO^ — a deep yellow colour. 

d. With H2S04 + K20ri.07 — no colour. 

e. WithH oSOl+KMOjh (crystals) — violet colour changing to 

red 

f. With colic. HNO3 — a deep violet colour with a yellow tinge 

appearing on the margin. 

g. Witii Fehling’s solution — slight reduction. 

h. Injected to frog — proved fatal. 

2. Powdered root mixed with minced meat, kept ovcniiglit then soked in rectified 
spirit ^Yitll a few drops of acetic acid for 24 hours and extracted by stas Otto method 
using acid chloroform mixture and the residue tested. The same results were observed 
as above. 
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3. Powdered root mixed with minced human viscera (received from morgue 
from cases of natural death from injury)—kept overnight, then treated in 
the similar way as above and the residue tested—The same observations 
were made. 

4. Powdered root mixed with minced human viscera + 0.2% Hcl (soln.) — 
kept in an incubator for 24 hours at 37® C and then for 3 days at room 
temperature and treated in the same way as above.—The same observations 
were made — the nitric acid test gave a positive test though not so 
marked as in the dry powdered root. 

Thus an acid chloroform mixture was found to extract the whole amount of the 
active bitter principle from the poison using Stas Otto method. It is not alkaloid in 
nature but a glucoside, fatal to a frog when injected to it, gives a positive colour test 
with HNO3 with H2SO4 and H2SO4 + KNO3 crystals. 

Veterinary Section 

Medicine, Pathology, Microbiology and Parasitology. 

35. Blood picture in Ranikhet Disease of fowls. 

G. L. Sharma and C. Seetharaman, Mukteswar, Kumaun. 

In view of the scanty literature about the blood picture of fowls suifering from or 
infected with Ranikhet Disease, blood picture of fifteen healthy Rhode Island Red 
fowls, infected artificially with virulent strain of Ranikhet Disease virus, has been 

studied. 

Blood of each fowl was collected from the heart, before and after the infection, 
and examined for (i) total erythrocyte count, (2) total leucocyte count, (3) corpus¬ 
cular volume, (4) sedimentation rate, (5) differe'atial count oi white blood cells, and 
(6) haemoglobin estimation. Total erythrocyte and leucocyte counts were made by 
using Toisson’s fluid as a diluent; while making differential count of white blood cells, 
*edge' and ‘cross section’ methods of examining smears were c'Hnbined. 

During the disease there is an appreciable fall (i) in total erythrocyte and leucocyte 
counts and (2) in the haemoglobin percentage. The differential count shows a distinct 
rise and fall in the percentage of heterophiles and lymphocyxes respectively. 

36. Rinderpest in Dairy Cattle immunised with goatis. 

P. R. Krishna Iyer, Izatnagar. 

A valuable stock of dairy animals (milch buffaloes, cows and young stock) property 
of Messrs. Govan Bros., Rampur were immunised against rinderpest with goatis in 
May 1945. Fifteen months later, many of these animals contracted rinderpest from the 
animals in the surrounding villages where this disease was raging and succumbed 
Prompt serumisation of the entire farm stock followed by a second vaccination effect¬ 
ively put a stop to the ^sease. 

Experiments at Mukteswar indicate that cattle immunised with goatis develop a 
life-long immunity. But this Rampur incident is not exactly in accordance with the 
findings at Mukteswar, The causes of tlie break-down in the iniinunily arc discussed. 
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Z 7 * Infectivity by contact of Rinderpest Virus, including Goat-adapted 
Virus for Cattle and Goats. 

C. Seetharaman, Mukteswar, Kuniaun. 

Experiments were made to test the infeGtivity of rinderpest virus—both the virulent 
bull virus and goat adapted virus—from cattle to cattle and goats and from goats to 
cattle and goats, under ordinary field conditions and tmder conditions some of them 
admittedly artificial which would enhance the chances of transmission. 

To represent various degrees of contact experiments were made in an ordinary 
cattle shed, in a small room of ten feet square, where still closer contact between healthy 
and infected was possible and in a trevis where the healthy and infected face each other 
at a distance which can be varied at will, the apparatus being covered with a thick 
tarpaulin so that the healthy inhaled the expired air of the infected. 

The results of these experiments showed that a healthy bull infected with goat 
virus failed to transmit the disease in any case either to bulls or goats. However a 
healthy goat infected with goat virus was found to transmit the infection only to a 
healthy goat under very close contact as in the trevis. With the virulent rinderpest 
virus it was found that whereas transmission was possible from goat to goat and bull, 
transmission did not occur from bull to goat. It is concluded tliat there appears to be 
no danger of spread of the disease occuring tlirough the use of virus in the field. 

38. Ranikhet Disease outbreak at Izatnagan 

S, G. Iyer, Izatnagar. 

Ranikhet disease, caused by filterable virus, broke out on the Military I’uultry farni 
in the month of January 1946 and took a heavy toll of over 3,000 birds. None of these 
birds had been previously inoculated with the egg passaged vaccine. Almost simulta¬ 
neously a few cases of Ranikhet disease were diagnosed in 3 pens on the Institute Farm 
adjacent to the above farm w'here 26 non-vaccinated and 22 vaccinated birds were 
present. More than 65 per cent, of the former succumbed to the disease but not a 
single vaccinated bird died. 

39. Immature amphistomiasis in. sheep in the Government Cattle Farm, 
Hosur, 

P. R. Krishna Iyer, Izatnagar. 

The veterinary autliorities in Madras were worried by an undiagnosed disease which 
occurred year after year among the flock of sheep at the Hosur Cattle Farm. The 
disease had a seasonal incidence from December to March and it was responsible for 
many deaths. The main symptoms wxre intermaxillary oedema, discharge from the 
nostrils and acute diarrhoea resulting in death in about a week. Post-mortem examina¬ 
tion revealed acute congestion of the abomasum and to a lesser extent in the intestines. 

Investigation by the writer conclusively proved that the disease was one of imma¬ 
ture amphistomiasis. The lesions on the gastric and doudcnal mucosa which were passed 
oil’ for mere acute cuiigcstioii were found to be luiiiiterrupted congregations of inunature 
\mphistumes uumberuig about 200 to 500 per sq. iiidi imbedded on the inflsunmed 
mucosa. 

40. Intestinal Trichomoniasis in calves. 

N. S. Sankaranarayan, Izatnagar. 

During the course ot investigation of calf scour in a well organised farm the com¬ 
plaint was found to be not the classical white scour that generally occurs in young calves 
although the symptoms were identic.'il. The disease started witli diarrhoea, rise of tera- 
peraiure, slow feeding ui milk, dybcutery witli discharge of mucus and blood and the 
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jLnimal dying from exhaustion. The post-mortem lesions were mostly confined to the 
small intestines in the form of acutAi enteritis with ulceration and hasmorrliag<% Liver 
was found affected to a certain extent. No complications as naval ill, joint ill or 
pneumonia which are common in white scour were present. Blood and organ emulsion 
failed to infect small animals. Series of mrcroscopical examinations carried out reveulcd 
actively moving Trichomonas in fasces samples of sick animals, samples of water from 
water troughs and supply tanks. Sporadic cases of diarrhoea in bigger animals also 
showed similar flagellates which invariably disappeared either on recovery of tlie animals 
or when dysentery intervened. Treatment of the affected animal with an anti-protozoan 
drug gave relief with the disappearance of the parasites. The outbreak stopped practi¬ 
cally with the cleaning of the well and the tank. Untreated cases were found to be 
affected by secondary bacterial invaders as B. coli and pseudomonas' ^roginosa which 
were responsible for the dysentery and death. Trichomonas iniesiinalis although er?- 
tountered in bovines and considered as non-pathogenic, from reports on this subject and 
from the above findings it is assumed that they are capable of causing intestinal dis¬ 
orders in calves under favourable conditions. 

41. Stephanofilariasis among Buffaloes in Assam. 

V. R. Gopalakrishnan, Assam, Gauhati. 

Details are given of investigation of Slephanofilariusis in buflalocs and of its 
occurrence as a specific cutaneous microfilariasis of the ear. The disease usually occurs 
sporadically but at times, it prevails in the iorm of an epidemic. Full particulars of ‘fts 
seasonal occurrence and localities affected are given. 

' Symptoms, course, means of control and treatment are described. The disease is 
generally confined to buffaloes. It is very rarely fatal though the incidence of affected 
animals in an outbreak varies from 20 to 50 per cent. 

The casual parasite, both microfilaria and adult nematode, fias been recovered from 
the lesions of ear-sore. The morphological characters of the parasite have been found 
humpsore of cattle in India. The findings have been confii'iiicd by Mukteswar Institute 
ajparerctly identical with those of Stephanofilaria assemensis (Pande 1936), causing 
and by Ofiacer-in-charge, Helminihiasis Scheme, Lucknow University. 

Skin affections of cattle in India and elsewhere, caused by Stephanofilaria sp., are 
cited. The occurrence of Stephanofilaria sp, in buffalo-a difr'‘’-cni species of animal 
causing ear-sorc, is recorded and its significance is pointed out. 

Observations on certain identical features of hump-sore of cattle and car-sore of 
buffaloes are discussed* 

The work has been carried out under a scheme of research financed by Ihe Imperial 
Council of Agricultural Researcli, India. 

42. Johnes’ Disease in Animals in tlie Madras Presidency. 

G. R. ViswANATHANj Madras. 

The incidence of this disease is known to exist in llie two farms of Coimbatore 
and Hosur for a very long time. The incidence of the disease in the following other 
places also are on record namely Bangalore, Military Dairy farm, Wellington, Central 
jail Vellore, in Mangalore, Ooty dairy, Nanjanad farm and also in Devakott’ah. The 
disease has been toown to occur in cows, heifers, bulls, bullocks, buffaloes, sheep and 
rams. The disease runs a very acute course after iiarlurition. Remarks are offered 
concerning the_ spread and control of the disease. Investigations arc in imogrcss con¬ 
cerning the breed susceptibility of cattle, their sex and age. 
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43* Bovine Tuberculosis in the Madras Presidency and its Diagnosis by 
Tuberculin test ... 

G. R. VisWANATHAN, Madras. 

Or‘;:ti7‘«:cd rutempts in ’^tadras to find out the incidence was made by the author only 
in 1034, The method adopted from 1934 to. 1936 was single intradermal method and 
from 1942 to 1947 it w’as double intradermal method. 5’i4 animals were tested by the 
single intradermal method, only 4 gave suspicious reaction, while the rest were" negative. 
This was done in the mofussil. From the results obtained, it would appear that the 
incidence of the disease in smaller towms of this presidency is rather rare. The number 
tested is so meagre as to have any definite conclusion. In Corporation cattle about 
37 per cent, infection detected. An account of the comparative incidence in the Ongole 
and Mysore cattle is given. The variations in the percentage of infection in the different 
depots of the Corporation arc noted. Posl-niortans conducted together with the results' 
are furnished. 

44 * Some observations on Avian Pasteurellosls (fowl cholera) outbreaks. 

S. G. Iyer^ Izatnagar. 

Fowl cholera (avian pasteurellosis) first broke out in Ibe Institute's popultry farm 
in 1940. It re-appeared in the subsequent years causing the death of only a small per¬ 
centage of the stock during each year. Although the first cases of the disease occurred 
during the hot summer months in all the years, the incidence was greatest during the 
monsoon period (July to Sept). There were thousands of chickens in the brooder 
houses on the same farm hut the disease has not occurred in them, the cases 
occurring in the rearing pens. In some pens (rearing) only one or two birds ’die# 
while in others $0 per cent, of the stock was wiped out within 2 weeks from the com¬ 
mencement of the outbreak. Recurrence of the disease on the farm year aftei; year 
is attributed to the existence of “carriers” in the flock. , . ; 

Methods for diagnosing the condition are described. 

Serum and Vaccine inoculations were carried out and the results indicate that there 
is considerable scope for improvement in the preparation of these products, ■’ 

45. Investigation on Contagious Abortion in Goats with Special Referehee 
to Isolation of Brucella Abortus (Bang) from Goats’ Milkl 

P. R. Nn.AKANTAN and P. G. Pande, Mukteswar, Kumaun. 

Brucellosis amongst goats at the Government Livestock Farm, Hissar in the East 
Ptinjab, was investigated by blood serum agglutination test and by cultural examination 
and guinea-pig inoculation of the infective materials including milk. 

Brucella abortus was isolated from 3 out of 5 guinea-pigs inoculated with 

milk samples from different goats whose blood serum gave positive reaction on agglu¬ 
tination test for Brucellosis. The following methods were used for identifying the type 
of Brucella involved:—^growth under 10 per cent. CO2 tension, growth on .Huddleson^s 
dye media, H2S production and agglutinin-absorption test. 

This is the first authentic record in India of natural infection of goats with Br. 
abortus and is an addition to the meagre informaticn available of abortus infection in 
goats, 

46. Application of allergic test in the detection of latency of surra in bovine^ 

artificially infected with Trypanosoma evansi. > 

H, N. Ray, Mukteswar,Kumaun. * ‘ 3 ' 

In this article the author for the first tkne describes in detail some* experiitientil 
observ^ations made on the utility of allergic test in diagnosing latent surra. {T. Wansi 
infection) in cattle. •' *"'1 
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White rats were used for the yield of Trypanosoma cvansi for preparing antigen. 
0.1 c,c. of a dilute suspension (i|400o) of dry surra antigen made in saline was intro^ 
duced intradermally and the reaction noted between the sixth and ninth hour. In posi¬ 
tive cases there was a typical swelling which was characterized by heat and pain while 
the negative controls no such reaction was evidenced. At the end of 24 hotirs the 
swelling persisted in the positive ones while in the negative cases the site of inoculation 
was almost completely obliterated. 

The utility of this test in the control of surra in this country has been discussed. 

47. Application of Electrocardiogram in Animal Husbandry. 

D. N. MullicKj Izatnagar. 

Electrocardiogram is used extensively in tlie health and disease in human beings 
but little work has been done in animals. Experiments were therefore undertaken in 
sheep. In^ one group the thyroids were removed by operation. Daily E K G records 
were taken in experimental and control groups for 13 weeks. All the waves of P Q R S 
and T gradually decreased with time. The heart beat was slowed down. At this stage 
the thyroidectomised animals were supplimented with synthetic thyroprotcin and the 
control was fed with thiouracil, a thyroid depressing drug. In thyroproleiii group, the 
potential of all waves returned to normal within a week, with an increase in heart beat. 
The thiouracil group showed a decrease ki heart rate with increase in potentials of 
Q R S and T. 

Physiology, Nutrition and Biochemistry. 

48. Factors affecting temperature records of domesticated animals in 
health. 

N. S. Sakkarkarayan, Izatnagar. 

In recording body temperature of healthy animals if variations are noticed without 
manifestation of any clinical symptom, it was found mostly due to the faulty manipulation 
of the thermometer or spurious records of inaccurate instruments or to the temporary 
disturbances caused to the animal body by sudden change of its environment. To record 
the tnaximum unchanging temperature of healthy animals if the ordinary clinical thermo¬ 
meter is used it should be introduced in its full length leaving only a portion sufficient 
to hold with two fingers. This gave always a constant figure. Introducing the index 
finger along with the thermometer contributed to a great extent in reducing the rectal 
temperature and the subsequent record. Temperature recorded after exposure of animals 
to the sun was found to be always higher by 2 or 4 degrees than the normal depending 
upon the period of exposure and the nature of the sunlight. At least an hour's rest 
in the shade should be given before the correct figure is obtained. Watering^ reduces 
the temperature to an appreciable extent and the effect of watering remained for two 
hours in cattle and about one hour in horses and the correct record was obtained only 
after these periods. 

49. Physiological studies on the blood of Domestic Animals. 

Part II. Adult male buffaloes. 

N. D. Kehar and V. N. Murty, Izatnagar. 

In locating the pathological conditions, normal standards of the various blood consti¬ 
tuents under different physiological conditions is extremely essential. In this article 
which forms the second of the series, observations on adult male buffaloes are presented. 
Tl*e blood was analysed for the following constituents. The maximum, minimum and 
the average figures are givenHaemoglobin (6.1-9.3) Av. 7.7 gms. per 100 ml. blood 
Red Blood Cells (44-7.2) Ay. 6.J millions per cmm. Cell Vpl. (24.5-44.5) Av. 35.5 
per cent, 
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Alean Corpuscular Vol. (52.2-67,3) Av. 584 cu,m. 

Alean Hemoglobin ^concentration. <II.o-i-}-2) Av. 12.7 rr, 

M. C, H. (19.6-25.4) Av. 21.8 per cent. 

Calcium (9.4-1 i.o) Av. lo.o mg. per 100 mg. serum. 

Inorg. Phosphorus (5.76-7.84) Av. 6.95 mg. per 100 ml. serum 
Magnesium (2.14-3-45) Av. 2.76 mg. per 100 ml. serum. 

50. Physiological studies on the Blood of Domestic Animals. 

Part IV. Buftaloes calves. 

N. D. Kehar^ C. V. Rao and V. N. Murty, Izatnagar. 

Samples of blood from six buffaloes calves were anah^sed from the birth to the 
age of one year at fortnightly intervals for morphological and chemical constituents. 
The calves were born with high blood sugar, Potassium, and calcium content. A gradual 
fall in these constituents has been noticed till the fourth month, and there-after remained 
almost constant. Alagnesium, sodium, and chlorides gradually increased with age (", to 
6 months) till the sixth month. The low Inorg. Phos. at birth although higher than 
their dams, reached the peak level by the third month. The abnormally low serum 
proteins on the first day of birth, reached the maximum by the ist week and maintained 
the level with slight fluctuations. The highest concentration of the Hb. R.B.C., CV., 
and W.B.C., observed between 12th to i6th week, has shown a steady decline till 20th 
week, and remained steady at that level. 

51. Physiolo^cal studies on the Blood of Domestic Animals. 

P?rt V. Goats. 

V. N, Murty and N. D. Kehar^ Izatnagar- 

In view of the scarcity of any data on the composition of the blood of goats, a 
systematic study was made on thirty growing, healthy young (9-18 months) male goats. 
The blood has been analysed for the morphological and chemical constituents. The 
maximum, minimum and average values are given below:— 

H.B (49-8.2) Av. 6.7 mg. per 100 ml. of blood. 

R.B.C. (8.0-15.9) Av. 12.7 millions per c. mm. blood. 

C.V. (19.9-36.9) Av. 29.8 per cent. 

M.C.V. (16.2-30,3) Av, 23.6 Cu. m. , 

M.CH. (43-6.6) Av. 5.3 r.r. 

M.C.H.C. (18.4-26.8) Av. 22.7 per cent. 

W.B.C. (10.2-21.8) Av. 15.5 thousands per c,mm. 

Serum Proteins (42-9,2) 6.86 gms., per 100 ml. serum. 

Sugar (63.6-105.8) 83.5 mgms, per 100 ml. serum, 

Ca. (9.2-11.8) 10.3 mgms. per 100 ml. serum. 

Inog. Phos, (34-9.9) 6.5 mgms. per 100 ml. serum. 

Mg. (1.8-3.2) 2.5 mgm. per 100 ml, serum. 

Na. (230-541) 431 mgm- per 100 ml. serum. 

K. (11.3-20,8) T4.1 mg. per 100 ml. serum. 

Chlorides (404-468) 437 mg. per loO ml serum. 
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52. Physiological studies on the Blood of Domestic Animals. 

Part VI. Kumaoni Bullocks. 

V. N. Murty and N. D. Kehar, Izalnap:ar. 

In view of the paucity of knowlcdpce on the blood of bullocks and its iiuportanro 
in physiological and pathological studies, a systematic work on the blood coinposilion 
of twenty four healthy kumaoni bullocks has been carried out. The average norninl 
figures and the range of the following constiiuents is given below: — 

Hb. (6.2-9.2) 74 gni. per 100 ml. blood. 

R.B.C. (44-8.4) 6.5 millions per c.mm. 

C.V. (24.6-46.2) 35.3 per cent. 

M.C.V. (43.4-63.5 54-6 Cu. m. 

M.CH. (10.1-1.4.3) 11.6 r.r. 

M.C.H.C. (19.-25.3) 21.2 per cent 

W.B.C. (6.4-1 T.9) 8.4 thousands per c.mm, 

Ca. (9.4-11.4) 10.5 mgm. per 100 ml. serum. 

Inorg. Phosphorus (4.8-8.3) 6.8 mgm. per 100 ml. senuii. 

Mg. (1.71-3-19) 2.35 mgm. per 100 ml. serum. 

Na. (253-489) 369 mgm per lOO ml. serum. 

K. (11.9-16.5) 14.0 mgm. per 100 ml. serum. 

Chloride (3..14-412) 385 mgm. per 100 ml. serum. 

Serum Proteins (S* 1-8.9) 6.79 mgm. per 100 ml. serum. 

Sugar (70.6-102.3) 88.1 mgm. per 100 ml. serum. 

53. Hccmatological observation in Indian sheep and goat. 

D. P. Mukherjee and P. Bhattacharya, Izatnagar. 

Previously observations were recorded on the correlation of seasonal influence on 
semen characteristics and some blood constituents, haemoglobin and cell volume in bulls. 
It was desired to continue this study on sheep and goats as well. As no normal data 
regarding the blood compositions of , Indian breeds of these species are available, a study 
v/as undertaken to determine these morphological constituents. 

Bi-weekly examination of blood samples nave been made from nine sheep anti eight 
goats from August 1946 to July 1947. Standard methods were employed in determining 
the constituents. The period of observations have been divided into four seasons that 
is, autumn, winter, spring and summer. Season wise the mean values of haemoglobin 
and cell volume of goat are 6.24, 6.53, 6.91 and 6.66 gm. per 100 ml. of blood and 30.41, 
30.60, 31.39 and 30.97 per cent respectively. In sheep the values arc 6.91, 7.76, 7.87 and 
7.69 gm. per 100 ml. of blood and 32.99, 33.86, 34.79 and 34.32 per cent respectively. 

54. Copper Content of Blood and Tissues of Ncrnial Kumauni Bullocks. 

K. Sahai and N. D. Kehar. Izatnagar. 

Copper content oi blood, liver, spleen, bonemarrow, lymph gland and pancreas of 
normal kumauni bullocks ranged between 0.135—0.153, 160.6—^200.1, 15.6—19.2, 2.:j.6—^28.8 
and 19.2—24.0, with an average of 0.141, 173.6, 17.2, 26.6, 37.1 and 22.0 mg. per kg. 
respectively. The results indicate that of all the tissues examined liver is the richest 
and spleen the poorest in copper. In the descending order of copper content, liver is 
followed by lymph gland, bone-morrow, pancreas and spleen. The copper content of 
blood of kumauni bullocks has been found to be within the range obtained for the blood 
of man and most of the other animals. The high copper content of liver suggests that 

organ is the chief storage centre of copper in the animal body* 
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55 * Minmum and optimum Copper Requirement of Kumauni Bullocks. , 

K. Sahai and N. D. Kehar, Izalnagar. 

The minimum copper requirement of kumauni bullocks, calculated from three sets 
of animals fed at dilferent levels of copper, ranged from 6.56 to 6.87 with an average 
oi 6.69 mg. of copper per 100 lbs. live weight per day. It was observed, however, 
that optimum results from a feed consisting of wheat straw and rape cake were obtained 
when the intake of copper by supplementation with copper suU>hate, was raised to 7.38 
mg. per 100 lbs. live weight, per da}', which is about 10 per cent higher than the minimum 
requirement level. This has been termed the optimum copper requirement of kumauni 
oullocks. 

The concentration of copper in the feed, calculated on the basi i of the inge.stiou of 
copper and consumption of dry matter corresponding to the minimum and optimum copper 
lequirement of kumauni bullocks, worKS out at 7*3 ^ p.p.m. of the ration on dry 
weight basis, 

56- Fislimeals as Cattle-feed; Digestibility and Nutritive value of Fishuieals 

S. S. Negi and N. D. K^har^ Izatnagar. 

In India fishmeals are not economically used at present; nor do we possess sufficient 
information wdth regard to their nutritive value. 

The nutritive value of two lishnieals, vis., salted mackerel and beach dried manthal 
was determined by feeding these meals, with wheat bhoosa as roughage, to kumauiu 
bullocks. It has been found that in general tlie animals start relishing the meal after 
three dr four days. The digestibility coefficients of the two main constituents e.g„ crude 
protein and ether extract were 60 and 114 respectively for salted mackerel and dB and 82 
were the corresponding values for beach dried manthal. In salted mackerel the D.C.P. 
D.E.E., T.D.N. and S.E. per 100 lbs. of tlie material were found to be 37 - 95 » b.40, 
52.4 and 50.1 respectively and in beach dried manthal the respective values were 48.93, 
2 . 93 » 554 and 52.5. 

57, Investigations on Famine Rations: Jaman seed as a Cattle feed, 

N. D. Kehar and Karta Sahai, Izatnagar. 

The chemical analysis of Jaman seed indicated that it is fairly rich in crude 
protein and the calcium content too is fairly high. 

Adult kumauni bullocks were fed on wheat straw and a concentrate mixture consist¬ 
ing of 3 parts of jaman seed and one part of rape cake, for a period of thirty weeks. 
These adult animates which ordinarily maintain weight, gained on an average about 32 
lbs. on the experimental ration. 

Results of a met-abolic experiment showed that the animals were on a high positive 
balance with respect to nitrogtJii. The balance for calcium and phosphorus too was 
lK:>sitive. The digestibility coefficients of crude protein, ether extract and total carbo- 
hvdrate were 68.5, 72.2, and 60.3 respectively. The digestible nutrients and starch 
equivalent per 100 lbs. of dry matter were found to be 45.5 and 45.1 respectively. This 
B, V. of the protein worked out at 84.3. 

These observations give jaman seed a fair place in the list of concentrattes. The 
digestible protein is fairly comparable to other seeds and grains, and jaman seeds can 
be satisfactorily used to replace oil cakes to the extent of at least 75 percent. The 
keeping quality of the seeds seems to be satisfactory as no deterioration took place even 
after twelve mouths storage. It is believed tliat tliis new source will provide several 
million mauuds of concentrate food for cattle every year. 
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58. Investigations on Famine Rations; Grotmdaut Husk as Cattle feed. * 

N, D. Kehar and L. V. L. N. Sastry, Izatiiagar. 

Acacia Arabica grows extensively over a large area in India* Its pods are not 
economically utilised and much less the seeds. On chemical analysis the crushed pods 
were found to contain 14 per cent crude protein, i per cent calcium and 0.17 per cent 
phosphorus. Digestibility trials on Kumaoni bullocks indicated that the digestible protein, 
starch equivalent and total digestible nutritients arc 10.5, 64-3 ‘^^^d 75.5 lbs. per 100 lbs. 
respectively. The metabolism trial also shows that the animals arc in positive balance 
with respect to nitrogen calcium and phospliorus. Morphological and cliemical examina¬ 
tion of the blood of animals fed on acacia pods for a long period, showed no deviation 
from the normal values. These observations place acacia pods in the cacegory of 
concentrates like gram, maize etc. for livestock. 

gg. Investigations on Famine Rations: Acacia pods as Cattle feed. 

N. D. Kehar and S. S. Negi^ Izatnagar. 

It was suggested whether groundnut husk, major portion of wliich is thrown away 
as a waste could be used for feeding cattle. On chemical analysis the husk was found 
to contain crude protein 6 56, crude fibre 66.31, N. F. £. 22. 16, lime 0.27 and phosphate 
0.20 per cent. It was found that groundnut hus*v would not be consumed to form the 
total roughage quota and hence the ration including a concentrate, was so formulated 
tliat wheat bhoosa /ormed approximately one third ®f the total roughage supply. Feeding 
trials with Kumaoni bullocks indicated that the digestibility coefficients of crude protein, 
crude fibre and N. F. E. were 25, 19 and 41 respectively. The digestible nutrients in 
lbs. per 100 lbs. of the dry husk w^ere: D. C. P. 0.91, D. C. F. 12.60, D. N. F. £. 
9.21, T.. D. N. 23.82 and S. E.—14.76. 

The low digestibility of crude fibre and hence tiie negative starch equivalent may 
be due to the complex, deposition of lignin in the cellulose structure. Further work 
aiming at the loosening of the hgno-cellulose complex is in progress. 

60. Investigations on* Famine Rations, Bawar {Cassia Tora» Linw.)Seed 
as concentrate feed for livestock. 

N. D. Kehar and V. N. Murty, Izatnagar. 

Bawar which grows in abundance during the monsoon months is not economically 
used. Its seeds were analysed toxicologically for the various toxic pronciplcs and 
chemically for the organic and inorganic consituents. This chemical composition of the 
seed showed that it contained 21.12 per cent of crude protein, 7.75 per cent of ether 
extract, 64.5 per cent oL* iolal carbohydrates, 5.56 per cent of sol. ash, j,22 per cent of 
Cao and 1.62 per t’ciit of ViOs. The seeds arc not relished if they arc fed as a single 
concentraie, but wnen mixed with rape cake in equal proportions, the animals get soon 
accustomed to it and develop a tests after a few days. Digestibility trials, conducted 
on three kumauni bulls showed the following digestibility coefficients:—crude protein 
78,8, ether extract 88.1, total carbohydrates 42.5, 54.3, Starch cqui\aleat, 594, total 
digestible nui "itients. The digestible nutritients per 100 lbs. of dry seeds are:—crude 
protein 16.64 lbs. etixer extract 6.83 lbs.' total carbohydrates 27.41 lbs. Tliese observations 
indicate that Bawar seed is as good as some of the ordinary cakes eg (cocoanut, 
linseed). 

Bawar seeds were fed at the rate of 50% of the total concentrate mixture for a 
period of five months without any adverse effect on the health of the animals. During 
the latter part of the feeding period, a detailed study of the blood composition was 
carried out, and it was found that the blood of these animals did not in any way vary 
from those of the normal animals. 
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6t* Further study on seasonal variations of semen in goats, 

D. D. Shukla and P. Bhattacharyya, Izatnagar. 

As a result of further works it has been found that ‘reaction time’ was highest in 
winter and during the rest of the seasons it was fairly uniform. On an average the 
semen samples were thick creamy during winter and spring and thin creamy during 
summer and autumn. Average size of tlie ejaculate was largest in summer and smallest 
in winter. Initial motility score did not show any marked difference between seasons. 
pH was slightly higher in autumn than during the other seasons. Average sperm 
concentration and total number of spermatozoa per ejaculate, were highest in spring 
and lowest in autumn. Average percentage of abnormal spermatozoa was highest in 
winter and lo^vest in autumn. 

Results obtained during this period, w^hich are in agreement with the previous years 
findings, show that spring was marked with the best quality of semen and autumn the 
worst. 

62. Further observations on seasonal variations in semen, and haemoglobin 
and cell-volume contents in the blood of bulls. 

As a result of further works it was observed that during autumn and summer the 
average semen samples were thin milky and during spring and winter, milky. The 
average inrtial motility, number of spermatozoa per c. c., total number of spermatozoa 
per ejaculate, percentage of haemoglobin and cell-volume contents in the blood was 
highest in autumn. The average percentage of abnormal spermatozoa was highest in 
winter and lowest in summer. There was no marked difference between seasons in 
‘reaction time’ and pH. of semen. 

On the whole the quality of semen as well as blood was observed to be best in 
spring and worst in autumn which is in agreement with the last year's finding. 

63. Further study on seasonal variations in the semen of sheep. 

D, D, SfiUKLA and P. Bh attacharyya^ Izatnagar. 

As a result of further works it was observed that the ‘reaction time’ was highest 
in summer and lowest in wmilcr. The average volume of semen produced was com¬ 
paratively higher during spring and summer than in autumn and winter. Colour, smd 
consistency of semen was thick creamy during winter and spring and thin creamy in 
summer and axitumn. Initial motility was soir^what steady throughout the year. 
A verage pH was slightly higher in autumn than during the rest of the seasons, 
average concentration of spermatozoa was highest in spring and lowest in autumn. The 
average total number of spermatozoa per ejaculate was at high level during spring and 
winter and markedly low in autumn. Percentage of abnonnal soermatozoa readied 
the peak in winter; tliere did not exist any wide variation in tliis characteristics during 
the Qtlier seasons. 

In confirmation of the results obtained last year, it was observed that anajority of 
the semen attributes under study were at their best in spring and worst in antumn, 

64. Further observations on augmentation of fertility in cows and she- 
Duffaloes by PMS. 

S. N. Luktuke and P. Bhattacharyya, Izattiafiar. ' ' 

Attempts hava been made to induce oestus and ovulation in 36 animals consisting 
of 19 buffaloes, 10 cows, 4 buffalo-heifers and 3 heifers and the results obtamed have 
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been presented in this paper. These animals had not shown any symptoms of heat for 
more than four months since the last calving and at the time of treatment were found 
to have anoestnis ovaries excepting in one cow where a persistent corpus luteum was 
ordinary present. In 14 animals, the PMS prepared in our laboratory was used; in the re¬ 
maining ones two proprietary preparations, Antostab and Gestyl were tried. The route of 
administration was either subcutaneous or intramuscular and the dosage varied ])etween 
looo i.u—2000 i.u. 

Out of 36 animals, 5 cows and 12 buflaloes were slaughtered /I-26 days after 
injection. All the animals except one cow and two buffaloes exhibited clear signs of 
heat 3-9 days after injection. Ovulation occurred in 4 cows and 8 buffaloes. Twin 
ovulations had occurred in one cow and one buffalo. Both the ova were recovered 
from fallopian tube washings in case of the cow. and only one ovum in case of the 
buffalo. The ovum was also recovered from the fallopian tube of another buffalo. 

65. Preliminary report on the field application of Artificial insemination in 
India. 


^ P. Bhattachakyya^ Izatnagar. 

The report deals with the first 13 months data collected from the 3 artificial 
insemination centres. 

Montgomery, (Punjab).—^At this cailre a total of 1560 inseminations from 307 
collections ■were performed. The average volume of semen collected per ejaculate was 
3.8 c.c. for cow bulls 2.46 c.c. for buffalo bulls and 0.9 c.c. for rams. The average 
number of animals inseminated from each ejaculum works out to 4.9 for cows, 5.4 for 
buffaloes and 4.2 for rams. The cow-bulls gave an average over-all fertility of 76.6%; 
buffalo-bulls 70.7% and rams 85.8%. These figures are more than those obtained through 
naitural service. 

Inseminations were performed using both neat and diluted semen of different ages. 
It was noticed that diluted semen gave as good results as tlaose got from neat semen. 
Results from preserved semen are available. The fertility obtained was comparable 
with that got from fresh semen and it varied from 70 to 81%. 

Similar observations have been recorded for Patna and Calcutta centres. 

In addition the report discusses the various difficulties encountered in practice in the 
field and how they could be overcome. 


THERAPY 

66 Vaccination Against Johne's Disease by Premtinition. 

P. C. Nag, Mukteswar, 

The value of vaccination against Johne’s disease by premunition in cattle has been 
well recognised in France but no such work is taken up m this country, where this sad 
disease is responsible for great economic loss to our livestock. In this article the 
author describs in detail his method of premunition and ultimate protection of cattle 
against Johne’s disease in France and discusses the possibility of following similar 
procedure in this country. Experimental observation carried out so far in this country 
has given encouraging results. 

67. Studies on Sterne’s anthrax Vaccine. 

,j* , V. R. Rajagopalan, Mukteswar, Kumaun. 

When virulent strains of B. anihr(jLck sire streaked on 50 per cent serum agar 
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plates and incubated in an atmosphere of lo to 30 per cent CO2, smooth mucoid colonies 
develop. On further incubation the smooth colonies throw out rough perepheral out 
growths. This variation from smooth lo rough is irreversible and is accompanied by 
loss of vinilence but with retention of immunising properties. (Sterne, 1937 )- 

Vaccine (spore suspension in 50 per cent glycerine .saline) made from such rough 
variants was potent and safe for use in cattle buffaloc.s, hoises, mules, sheep, goats, 
camels and elephants. 

A dose of 1500 spores confered some iinnumity in sheep and 30,000 or more spores 
confered a solid immunity. 

If used at a dose of i million spores no saponin was required to enhance the 
immunity. 

Solid immunity was established in 6 days after vaccination. The immunity lasted 
for about 3 months and then it gradually passed off until after one year very little 
immunity was detectable. 

The strength of the vaccine, as judged by the viable count, fell to about 50 per cent 
in about one fortnight. No further marked deterioration took place over an observation 
period of one year. The vaccine was potent after a storage of one year and a half at 
temperatures of S^^C. to 30® C. 

68 . Studies in Chemotherapy of surra with new drugs. 

B. C. Basu, Izatnagar. 

Studies in testing the chemotherapeutic value of various drugs against surra were 
conducted. In every experiment control w'ere kept. Four drugs, namely, Trypersamide, 
Neoarshphenamide, Neostibol and Paludrine were tested on guinea-pigs infected with 
Trypanosoma evansi with a single dose (intramuscular) of o.l, 0.04, o.oi and 0.41 grams 
respectively per kilo body weight as recommended by Dr. B. Mukerjee. 

All these four drugs were found unsuitable as they could not stop the appearance 
of the trypanosomes in the peripheral circulation of the guinea-pigs nor could they 
save the animals. 

59- Induction of Lactation in the Bovine by Administration of Synthetic 
Oestrogens. 

S. N. Luktuke and P. Bhattacharya, Izatnagar. 

Attempts have been made to induce lactation in two nulliparous heifers and four 
dry cows of Hariana breed by subcutaneous implantation of small tablets and injections 
of Diethylstilboestrol. The heifers were matured but anoestrous and the cows were 
dry for a period of over two years and repeated inseminations failed to get them into 
calf. In one case the cow was dried off after the first induced lactation and the treatment 
was repeated in different dosage level during the second induced lactation. The total 
dosage varied from 250 mg. to 2000 mg. 

No response was obtained in one cow and in another one where the heaviest dosage 
was tried the tablets had to be removed owing to the formation of abscess. The 
maximum daily yield varied from 3-II^lbs. and the total yield from 341 lbs.—1333 lbs. 
during a period of 112-262 days. The best response was obtained with a dry cow which 
gave a maximum yield of ii lbs. daily and a total 0+ 1333 lbs. in 161 days. This cow 
had given a maximum daily yield of 8 lbs. and a total yield of 1245 lbs. in 209 days 
during the first induced lactation and a total yield of 2910 lbs. in 307 days during the 
preceding normal lactation. No nymphomaniac syndrome was observed. 
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70. A study of the Bacteriological types of C. diphtheria present in Bombay* 

D. W. SoMON and S. K. Natl^ Bombay. 

This work was carried out for a period of nine months. Nearly 500 throat swabs 
were examined and cultured for the presence of C. diphtheria. 175 strains were 
isolated, out of which 167 were of the ‘mitis* tj’pe, 7 of ‘gravis’ type and i belonged 
to ‘intermediate’ type. Cultures were done on Loeffler’s serum and blood tellurite 
medium. Out of 127 cultures thus isolated, 93. 7% of the strains could grow on both 
media, 4% strains only grow on blood tellurite medium and 2.3% of strains on Loeffler’s 
serum slope. On isolation, the morphology, colony appearance, haemolysin production 
and fermentation of usual subtrates in addition to starch and glycogen were studied 
to determine the types. Virulence of 40 strains was tested in guinea-pigs by intradermal 
test and they were found to be virulent One strain isolated from a cutaneous lesion 
from a patient was found to be avirulent. 
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1. Effected of Void on the Efficiency of Distillation in a Packed Column. 

P. L. Jalota and S. K. Nandi, Bangalore. 

In a packed distillation Column and in multitubular packed Columns (Selkar, Burk, 
Lankelma, Ind. Eng. Chem. Anal. Ed. 1940, 352) voids are present because of which 
some vapour passes without commg in contact with reflux resulting in channelling and 
decrease in efficiency but the advantage is low pressure drop with low holdup which 
is important when distillation under high vacuum is concerned. In the present paper 
some data are reported on the variation of column efficiency due to presence of voids.' 

A 234^^ I- D- Copper tube was used as the column and the height of the packed 
section was 3 '- 7 "- For the packed column 2/5" diameter copper Lessing rings were 
used while for the multitubular column, six glass tubes each 43" long and 5/32" I.D. 
were put in the colunm, the remaining portions being filled with Lessing rings. The 
cross-sectional area of the void thus created in the multitubular column was 3% of the 
area of the column. 

The rate of distillation was varied from about 8 cc. to 65 cc. per min. H. E. T. P. 
in the packed column varied from 8.7 to 10,75 inches for the system methyl alcohol- 
water, from 4.42 to 6.61 inch for ethyl alcohol-water and from 8.2 to 12.3 inch for 
Benzene-toluene while the corresponding values of H. E. T. P. in the multitubular columns 
varied from 8,3 to 11.46, 747 to 11.46 and 10.75 to 28,66 for the three systems respec¬ 
tively at different distillation rates. It will be seen that H. E. T. P. increases slightly 
with vapour velocity in the packed column but very rapidly in the Multitubular packed 
columns. This is due to the fact that the amount of vapour passing through the long 
glass tubes without coming into contact with the reflux increases as the vapour velocity 
is increased resulting in decreased efficiency. Thus the presence of voids in a packed 
column may not have any appreciable effect at low rates of distillation but the efficiency 
goes down rapidly as the throughput is increased. Manometers connected at the 
bottom of the still indicated less pressure drop in the case of multitubular columns than 
in the case of packed columns. 

2. Periodic or Rhythmic Variation of the Intensity of Short Wave Radio 
Signals. 

S. S. Baneujee, G. C. Mukerj;ee and R. N. Sinoh, Benares. 

In a few previous communications (Science & Culture, ii, 57 It 1946; Nature, 158, 
413, 1946; Proc. Ind. Sc. Cong. 1947, Sec. 3, Abs. No. 45) we have reported the obser¬ 
vations made by us un fading of short-wave radio signals received at different hours 
of the day, and described, with possible explanations, the various patterns of fading 
obtained on those occasions. It may be meiilioiied that for' reasons of their formation, 
the patterns of fading have been divided into two main categories of (i) random and 
(2) periodic types. 

The present communication contains the results of detailed study of the periodic or 
rhythmic types of fading which are generally observed during the sunrise and sunset 
hours, and their signiflcancc for practical radio communication has been indicated. It 
has been shown by measurement of the angles of arrival of the downcoming waves that 
such periodic fading may occur due to iiiteicferenci-* caused by tvro waves reflected either 
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from one or two—dilferent layers of the ionosphere, when one or both of them have 
slow vertical movement, presumably due to rapid change of ionization during the transi¬ 
tion period of the layers. It has been further shown that the development of slow 
periodic fading may be due to the approach of maximum usable frequencies between 
the transmitting and receiving stations, and on such occasions the interfert'iice may be 
caused by magneto-ionic components of reflected waves as suggested by Appleton and 
Beynon (Proc. Phys. Soc., 59, 58, 1947). The above interference phenomena have 
been verified by recording the periodic fading of shortwave signals transmitted from 
Delhi on 16 to 41-metre bands at various .hours of the day during different months. 

3., On the underground water resources of Madras. 

S. V. Ganapati and O. T. Ra(;havan, Madras. 

Owing to unprecedented drought during the years of 1958 and 1059, the level of 
water in the only reservoir forming the then existing source of water supply to Madras 
became alarmingly low and in consequence severe restrictions were placed oji the w'ator 
supply and new sources to augment the old were sought. Two hundred and forty 
tube-wells, seventy bore wells and three twenty feet diameter wells wore installed in 
the City besides renovating old, dis-used kitchen and garden w^lls attached to individual 
houses. The important chemical characteristic (such as the hardness, chloride and total 
solids) and the bacteriological quality of the three types of underground water resources 
as well as the hydro-geology of the soil overlying the water-bearing stratum arc 
described. 

4. On Double Filtration of an Impounded Surface water in Madras. 

0 . T. Raghavan and S. V. GANAPATr^ Madras. 

A comparison of the modern methods of purification has been made possible, 
thanks to the labours of ^‘The Committee on Water and Sewage Purificaiion’^ appointed 
by the Madras Government for finding out the best method of purifying the -water of 
the Red Hills Reservoir which has earned a name for itself as being the most difllcult 
to purify satis£actoril3% This Committee carried out cxperiineiits during 1927 to 1933, 
similar to those carried out by the late Sir Alexander Iloiiston for the Metropolitan 
Water Board, London, on “Double Filtration” making use of (a) a rapid sand filler, 
(b) a coke filter and (c) a gravel sand filter, all receiving unahuued water, the secondary 
filter in each case being an ordinary slow sand filler. ne.sidos, the Committee carried 
out experiments where (i) the prefilter was a rapid sand filter receiving either (a) 
alumed and settled, water, or (b) alum and lime treated water followed by ordinary 
slow sand filtration at the slow (4 inch.) or semi-skw (6 or 8 inch.) rate, and (2) 
the prefilter was a percolating non-submerged filter using five different kinds of filter 
media followed by semi-slow sand filtration in each case. 

The authors have compared the mass of analytical data (obtained from the above 
experiments), which are not readily available to the Water World. 

5, Fifty years of public health and water supply practice in Madras. 

0 . T. Ra(;havan and S. V. GANAtwri, Madras. 

Freedom from diseases, abundance of wholesome drinking water available at all 
hours of the day and night and decent houses to live are sine qua non of public health 
•of a village, town or city. The progress made in these directions is known only when 
‘‘bne views retrospectively the conditions which existed in the previous decade or half- 
a-century. An attempt has been made in this paper to make .statistical study of the 
Public Health of the City of Madras with special reference to itr water-hornc diseases 
and, to correlate it with the water supply practice during the last fifty years (1897-1946). 





6 . A critical note on Puri Siltometer. 

G. S. Raisinghani, P.O. Halaiii, Sind. 

The study o£ silt charge and silt grade is one of the most important problems of 
canal engineering and river physics in the light of Lacey’s Theory of Regime Flow. 
A large number of suspended and deposited silt samples is analysed mechanically with 
a view to assess hn’ value for substitution in the Lacey Formulae to construct Regime 
Flow Equations. Though the chief difficulty of mechanical analysis of coarse silts 
and'sands was solved by Puri Siltometer on account of its simple and rapid working, 
some defects in its construction were noticed and some inaccuracies in the results of 
silt analysis were observed specially with regard to the influence of temperature on the 
reduced diameter size, effect of the bottom taper and the jerky rotation of the water 
trough carrying silt collecting cups on the silt size distribution, variation in the results 
of silt analyses on repetition, the influence of shape of silt particles on their rate of 
settling velocity, distribution of individual silt fractions in different silt collecting cups 
on re-analysis. A critical study of Puri Siltometer was undertaken by the wTiter in 
the Irrigation Research Laboratory of the Sind Public Works Department and the 
observations have been reproduced in the present note to illustrate the practical difficul¬ 
ties encountered in the working of Puri Siltometer so that this valuable instrument 
may be more serviceable in the most important work of silt analysis by suitable modi¬ 
fications, which have been suggested. 

The paper is accompanied by Diagrams, Graphs and Statements showing results 
of Silt Analysis. 

7. Output and other relations of Electronic Circuits. 

Ramchandjra Natarajan, New Delhi. 

The object of this note is to present the general output relations of electronic circuits 
from the stand-point of analytical geometry. 

It is believed that analysis of electronic circiut with the use of Co-ordinate geometry 
throws into relief certain properties in the neighbourhood of the maximisation regions, 
not particularly evident from the corresponding inferences on Maximum from other 
methods. As the absolute conditions of maximisation hold good in practice only within 
varying degrees of departure, it is not irrelevant to be able to get picture of the Output 
characteristics more closely than hitherto attempted. 

The analysis of the circuit is thus made to reduce to the study of the characteristics 
of the apposite conic. Interpretations of results are compared with otherwise known 
behaviours of such circuits. 

It is believed that if a system of analysis is developed for tackling multi-stages circuit 
such as an amplifier or any communication circuit, it would help design. In this 
connection it may be pointed out that certain circuits show their conic sections as from 
a two-stage circuit of equally Murdened signal power as an envelope conic of the funda¬ 
mental stage of the circuit and the Maximised Output Conic for this assembly is the 
tangential equation to the Output Conic. 

Interpretation is, however, the essential part of this method of analysis. 

8. Manufacture of Stainless Steel. 

H. Srinivasa Sastri, Bhadravati. 

Stainless Steels are manufactured in Induction Furnaces when very low carbon 
grades are required. Recently low carbon grades are also made in Arc Furnaces 
with Metrodyne control. The shaping of stainless' steels of certain specifications is a 
difficult job. Many of the stainless steels are forged with difficulty into billets and 
then rolled. All the stainless steel ingots are machined to remove defects. After 
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machining they are closely inspected for roches and other defects and then despatched 
for heating for forging or rollings. Some of the steels are difficult to forge or roll 
and the operations are very carefully conducted. After forging or rolling the billets 
and slabs are again subjected to close inspection and all defects are removed by grinding 
and chipping. Tlie billets and slabs are again preheated and transferred to heating 
furnaces anJ i oiled to finished sections. 

The finished sections are tested and subjected to careful inspection after heal 
treatment and picking. They are inspected after finishing operations and despatched 
to customers. 

9. Nitrogen and Sulphur of Coke and its Composition. 

M. P. Gupta and A. T. BHATrACHEPjEE^ Jamshedpur. 

From our studies on the elimination and introduction of nitrogen and sulphur in 
ordinary cokes and sjmthetic cokes it appears that: 

(1) Nitrogen and sulphur are present specially at lower temperatures in a state 

of ordinary absorption and are in a state of activation and with the rise 
of temperature they pass into a state of chemisorption. 

(2) The maximum absorption is in tlie region of 400^-500®C and depends on 

the concentration of these two elements in the system. 

(3) With the rise of temp, above 400-500°C parts of the two elements are gradu¬ 

ally eliminated but the major parts pass into a stale of chemisorption. 

(4) Similar behaviour of coals in the process of carbonisation, suggests that the 

nitrogen and sulphur compounds present in coals, first decompose into their 
elementary forms which then attach themselves to the cokes formed in the 
way as stated above. 

(5) Part of S (adsorbed) in coke is removable by metallic sodium. 

10. Sludging of Scrubber Oil. 

A. T, Bhattacherjee and M. P. Ghpta, Jamshedpur. 

It is a kno™ fact that sludging generally takes place in such cases where straw 
oil (ie., higher fractions of petroleum oil consisting mostly of paraffin compounds) is 
used; the trouble is not so much in evidence where creosote oils arc used. The view 
generally held is that this sludging is the result of the formation of polymerides from 
the unsaturateds present in the scrubbing oil. How far are the unsalurateds present 
in the gas responsible for this polymeride fonnatiou is not yet definitely known. With 
the view of ascertaining the cause for this sludging first of all a systematic investigation 
of the oil has been undertaken. From the investigations so far made it appears that: 

(1) The oil used in the scrubbers here contains a fair amount of unsaturateds. 

(2) Further quantities of unsaturateds are generated l)y Hit; breaking iq) of the 

constituents of high molecular weights into those of lower molecular weights 
by cracking even at so low temp, as 120° C. 

(3) Both cracking and polymeride formation are responsible for the sludge forma¬ 

tion, though the former plays the more important role by contributing solid 
carbon particles and increasing the amounts of unsaturateds as the process 
goes on. 

11. A note on the Determination of Silica in Fluorspar. 

H. P. Samanta> Jamshedpur, 

The difficulties and sources of error in carrying out by the existing method the deter- 
wnatiou.of silica in Fluorspar containing feldspar and other silicates are indicated. 
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Suitable modifications to the perchloric-boric acid method of decomposition (Schrenk 
and Ode, Ind. Eng. Chem., Anal Ed,, Vol. I, 201, 1929) in order to make it ajiplicable 
to this kind of ore have been worked out. 

12. Determination of Tin and Rare-Earth Acids in Wolframite, 

H. P. Samanta^ Jamshedpur. 

A study has been made of the various methods of determining Tin and rare-earth 
oxides (Colombium and Tantalum) in Wolframite. A method is proposed for the pre¬ 
liminary separation of tin and rare-earth oxides together from tungsten and subsequent 
estimation of the elements concerned. Results are found to compare favourably with the 
existing methods. 

13. Investigations on Colorimetric Methois of Metallurgical Analysis. 

Part VII—Spot tests for allowing elements in steel—Chromium and Manganese. 

G. V. L. N. Murty. Jamshedpur. 

A comparative study of the diphenjd benzidine and the diphenyl carbazide methods 
for the detection and approximate estimation of chromium in alloy steels has been made 
and it is shown that the former is less suitable for low chrome steels ( 5%). Improve¬ 
ments have been effected in the diphenyl carbazide method, making jt more elegant by 
employing the impregnated paper teclinique. Similar comparative study of the ammo¬ 
nium persulphate and the sodium bismutliate methods has been made for manganese. 
The sodium bismuthate method has been recommended with some medications. The 
impregnated paper technique is shown to be suitable only for high manganese steels* 

14. Studies on Rural Water Supplies. 

K. Subrahmanyan, T. R. Bhaskaran md C. Chandrasekar, Calcutta. 

Investigations were carried out for a period of 2 years on the quality of water drawn 
from tube wells and other sources of drinking water used by people in rural West Bengal 
and on the problems of maintenance of these sources in a satisfactory and safe condition. 
The investigation was confined to 2 Unions, 16.7 sq. miles in area with a population of 
about 27,000 using 315 drinking water sources. 

The results show that tube wells of moderate depth can serve as satisfactory sources 
of water supply in rural areas with soil conditions similar to those obtaining in this 
area Le., over a large part of the Gangetic plain and delta. These tube wells yield water 
whose bacteriological purity is little affected hy comparatively insanitary conditions on 
the surface, heavy usage or even by the use of polluted priming water. The soil 
around the wells gets compacted so as to cut surface contamination the prevailing chance 
of ground water wetting contaminated under the prevailing conditions of soil and usage. 
Examination of 3,586 Bacteriological samples from 134 tube wells spread over a period 
of 2 years show that a bacteriological standard of 10 coliforms per 100 c.c. in 80% 
samples is practicable. The standard appears to be consistent with absence of gastroin¬ 
testinal diseases traceable to tube well water. The procedure for imposing these stand¬ 
ards for rural tube wells is discussed. 

With the cheap type of pitcher pump commonly used for tube wells in India, an 
efficient maintenance service is required. The data obtained on this aspect of the problem 
show that a public tube well needs on an average 2 repairs in a year, and that the total 
cost of maintenance of a tube well is about Rs. 8|- per annum. This money and an 
organisation for repairs should be provided for by the local authority of Government 
whenever tube wells are installed in rural areas. 

Open shallow wells even when conserved by parapets, steining etc. yield water that 
is definitely inferior to tube wells in bacteriological quality. Evidence has been adduced 
to show that the bulk of the pollution introduced info the wells copes through the 
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top and through buckets and ropes. By covering the well and fitting it with a pump 
to draw water it is practicable to attain a standard of lOO coliforui organisms per too c.c. 
in 7 S% samples. Data presented show that it is necessary to carry out further work 
before any bacteriological standard for this type of rural water sources can be determined. 

15. Treatment of Starwboard Wastes by Trickling Filter. 

K. Subrahmanyan and T. R. Bhaskaran, Calcutta. 

Disposal of wastes from a Strawboard Factory in Bhopal has been one of serious 
concern to the Public Health authorities of the State. The Factory is producing about 
4,00,000 gallons of waste daily with over 2500 p.p.m. total solids of which 65% is organic 
and about So% suspended. The pH of the wastes varies from 8.0 to 8.4. Water for 
dilution of wastes is inadequate in the locality and offensive conditions are produced in 
the lower reaches of the channel into which the effluent falls. 

Various methods of treatment of the wastes have been tried. Addition of chemicals 
such as alum, iron-salts and sulphuric acid was tried for* coagulation oC suspended solids. 
Only sulphuric acid was somewhat effective but tlie dose required for was 2,000 p.p.m. 
i.e., 4 to 6 tons of H2SO4 per day and tliis is impracticable. Bubbling of flue gas 
(which is easily available in the factory) through the wastes at ordinary room tem¬ 
perature was tried, but this did not prove useful. 

An experimental trickling filter 2'X2'X6' has been designed to determine whether 
the wastes could be handled by trickling filter treatment. The design provides for pri¬ 
mary as well as secondary settling and for controlled and continuous dosing of filter 
with the wastes directly as it flows out of the factory. Filtering at a rate of 3 m.g.a.d. 
it has been possible to remove over 70% of the organic load in the wastes. 

16. Prospects of sheet Metal Industries in India. 

J. N. Basu, Calcutta. 

Sheet metal industries in India are still in its infancy in India. During the last 
war certain impetus was given to this industry and it is expected that advancement already 
made, should be progressively maintained & continued in post war period as well. 

In this article I attempted to incorporate the utility, present position, difficulties and 
schemes of equipments required for the following sheet metal industries. 

(1) Metal box (container) 

(2) Hurricane lantern, 

(3) Torch lights. 

(4) Metal toys. 

(5) Hinges. 

/ (6) Stampings for electric motors, transformers & other electric equipments. 

Each of these industries has a vast fidd in India; the articles made therein are ex¬ 
tensive used now a days & some of them fortunately are already receiving favourable 
consideration by the Govt, of India with certain facilities for their advancement. 

The fundamental difficulties common to all sheet works in India lie in the following:— 

(1) Steel for the die or tool, 

(2) Die making; 

(3) The presses & other metal working machineries. 

(4) The quality of sheet for stamping. 

, The spedal sted that is required for tools or dies, is not made here. During the 
Tata attempted to produce a limited quantity of die-steel. But practically we have 
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to depend on foreign imports for these articles. Often the steel dealers make tlie position 
still more complicated and insecure, being not in a position to supply correct ^»*:!cifications 
of the steel. There have been very often cases of disappointment, when steel that 
was purchased for making dies was subsequently found quite unsuitable for the purpose, 
sometimes after wasting money, time and labour over it by making dies out oi the steel. 
, Die is an expensive and accurate tool and unless made of properly selected special steel, it 
will not last long, nor the work will be accurate. 

Die-making is a specialised job; it requires accurate workmanship correct to-several 
thousands of an inch; it requires certain special machines and precision machines and 
measuring instruments. Besides, heat treatment of dies is another specialised job entailing 
special furnace with delicate instruments and experienced men to handle it. In India 
we have at present no specialised die making firms, consequently sheet metal workers 
are forced to start die-section for their works; that is firstly very expensive requiring 
substantial capital investment and secondly cannot be so efficiently and economically run. 
It is definitely a big handicap for nianey sheet metal works requiring simpler dies or small 
number of dies for their production; so to advance sheet metal works, die-making should 
be promoted. 

Presses and other sheets metal working machineries. The following are very com¬ 
monly required in sheet metal work:— 

(1) Presses:—(a) Power press, (h) Fly ball press; {c) Hydraulic press. 

(2) Gullotine or shear machine; 

(3) Rolling machines; (4) Bending machines (5) Circle cutting machine; 

(6)Folding machines; (7) Beading machines; (8) Seaming machines; 

I 

Power presses are specified by thq maximum pressure the press can safely exert 
w'hen working and are known as 20 ton press or 20 ton capacity press. They are either 

(a) Open fronted or C—frame or (b) double-sided, having two column on 2 sides of the 
press. Another important classification of the presses is (i) Single-action; (2) double 
& (3) triple-action; they widely differ in design, construction & operation. 

The pressure for blanking is determined by the equation P=L. T. S., where 
P—^Pressure in ton. L—length of cut in inches D in case a blank of D inches 
diameter is punched. 

T—^thickless of metal in inches and S—shearing stress of metal in tons per square 
inch. The pressure for stamping is still a matter of experience and no definite equation 
can be found out as yet. 

The presses are sometimes stated to have capacity proportional to (a) Weight of 
the fly-wheel, or (b) Weight of the press itself or (c) diameter of the crank-pin; but 
these equations could not be completely relied on. 

Selection of the right press is governed by such factors as:— 

(a) the size & type of die required. , 

(b) the length of stroke necessary. 

(c) pressure required for doing the work. 

(d) distance above the bottom of tlie stroke where the pressure first occurs. 

(e) Additional pressure required due to attachments such as are used for drawing 

work. 

(/) The method of feeding, the direction for feed, the size of sheet blank, or 
article. 

Only single action power presses up to 30 ton are Inaniifactured in India. Double¬ 
action or triple-action and of higher capadty presses are imported* Fly-ball presses of 
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various capacities, hydraulic presses of limited quantities are also made here now-a-dayS. 
Beside, the following machines are also manufactured in India since the last world war 
to some extent:—Gullotine, Rolling, Bending, Circle-cutting, Folding, Beading & seaming 
which were usually imported from foreign countries before the last war, 

The sheet for blank:—ordinary black sheet or bright-finish or P. C. R. C. A. (pickled, 
cold—rolled, close—annealed) as required for hinges, toys, torch etc. and limited quantity 
of tinned sheets, that are required for food canning and hurricane lantern, are made 
here in India. The stalloy sheet tliat is needed for electric motor A. C., transformers 
and other electric apparatus, are not manufactured here. We have to depend on foreign 
import for this article. This is a great handicap for the manufacture of these equipments 
in India; inspite of the fact that the Govt, of India have prevented the import of certain 
types of motors and transformers, still the industry is not duly promoted. 

The qualities of sheet, such as uniformity in thickness, ductility & finish, besides 
composition are important factors to obtain good and smooth pressings, free from 
defects. 

In conclusion, I state below twp schemes containing list of equipments needed for; 

(1) Metal box manufacture 

(2) Hurricane Lanterns 

Equipments for Metal box manufacture:— 

(1) Shearing machines:— 

(o) Hand shear, (Jj) Power shear, {c) Circle cutting. 

(2) Presses:— 

(a) Ball presses-6 of different sizes (&) Power presses—8 of different 
capacities. 

(3) Seaming machine:— 

(o) Circular, (b) Elliptical, (c) Rectangular; 

(4) Folding Machine: (5) Beading machine: (6) Printing equipment: (7) 

Soldering equipment: (8) Welding set: (9) Electroplating equipments (10) 
Spray-painting equipments: (11) Stove enamelling arrangements: (12) For 
die-making:—Lathe, Drill, Milling, Shaping, Planing, Grinding, Do-all, 
Power-saw, welding. 


Item 6, printing equipments to print on sheet is a complicated job and the equipments 
are also very expensive. We are to depend solely on foreign import for the machine 
which is very cosily as well. 

Equipments for Hurricane Lantern factory:— 

(1) Shearing machines.—-(u) FIand-2 pcs; (2) Powcr-2 pcs; (3) Circle cutting-1 

one. 

(2) Power presses of different capacities from 10 tons to 40 tons both single 

action & double aclion-30 pcs, 

(c) Ball—presses & arbon presses-24 pcs. 

(4) Seaming machine-6 pcs. 

(5) Folding machine-2 pcs. 

(6) Bending machine-2 pcs*. 

(7) Soldering equipments. 

(8) Electroplating arrangements. 

(9) Spray-painting equipments. (10) Stove enamelling equipments. 
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(ii) For die making.—^Lathe, Shaping, Milling, Grinding, Drill, Power-saw, Do- 
all, Welding set. 

The complete set of equipments will cost nearly Rs. 200,000/- (two lacs) and can 
produce about 400.000 lanterns each year. The working cost is calculated to be Rs. 1I4I- 
per lantern. 

17. The Spectro-chemical Analysis of Ferrous Alloys with the Medium 

(Juartz Spectrograph. , . 

K. C. Mazumder, Jamshedpur. 

A preliminary report is given of the Spectro-chemical determination of the elements 
Al, W, V, Mo, Ni, Cr, Cu, Mn and Si found in the ferrous alloys by means of the 
medium spectrograph. This instrument is not considered to be good enough for this 
work on account of its low dispersion. The calibration curve obtained for the above 
elements are given. The curves are regular and smooth showing that the instrument can 
possibly be used for carrying out the ferrous alloys analysis. 

18. Calibration of Photographic Plates. 

B. N. Bhaduri, Jamshedpur. 

A series of experiments for purposes of plate calibration is intended to be carried 
out. The first of the series follows and an account of the method for selecting the 
appropriate calibration line pairs is given. Analyses of high speed steel by spectrogra- 
phic methods were carried out in the research laboratories of the Works. Plate cali¬ 
bration from intensity considerations alone, and its application for evaluating alloys in 
steel were thought desirable. The first object was thus the selection of line pairs. 

19. The Spectro-Chemical Analysis of the Bearing Alloys. 

M. K. Ghosh^ Jamshedpur. 

The technique of spectro-chemical analysis of the bearing alloys with copper base 
has been developed by. means of Hilger Medium Quartz Spectrograph. The ranges of 
the different elements determined are: 

Sn 6.50-7.90% 

Pb 3.0 -3-6 s% 

.. . Ni 0.70-1.0 % 

The determinations agree well with those found chemically. 

20. Basic-to-neutral Refractories from Refractory and Non-Refractory 
Magnesium Silicate Rocks. • 

H. K. MitRA, Jamshedpur. 

Practically neutral refractories have been developed from refractory aiad non¬ 
refractory Magnesium Silicate Rocks. Following the line of investigation, for making 
refractories from non-refractory Chrome Ore as described in a previous paper the raw 
materials were calcined to about Orton Cone 31 with the addition of Magnesium Carbo¬ 
nate to form Forsterite and Spinels. To further improve the Slag Resistance of the 
resultant brick Chrome Spinels were formed by introducing High Grade Chrome Ore 
at tlie time of Calcination. The method described makes it possible to utilise a variety 
of raw materials including non-refractory ones, for the manufacture of refractories with 
superior physical properties. 




21. Petrographic Data on Chrome Magnesite and Magnesium Silicate 
Refractories. 

J. C. BanekJEE^ Jamshedpur. 

Petrographic properties of Indian Silica and Magnesite bricks have been reported 
in a previous paper. In the present one Petrographic Data on Chrome Magnesite and 
Magnesium Silicate Refractories have been given. For comparison European and 
American Bricks have been included. An attempt has been made to interpret the 
Refractoriness Underload Values in the lighc of their Microscopic Characteristic. 

22. Coking Properties of Coal. 

S. N. Sircar, Jamshedpur. 

In view of the limited reserves of coking coal in India which is indispensable for 
tlxe Iron & Steel Industry, measures have been taken to restrict its use for metallurgical 
purposes and to blend with inferior grade poorly coking coal with a view to prolonging 
its availability for metallurgical purposes. Even then because of the contemplated indus¬ 
trial expansion in the country the period of tliis availability cannot be so prolonged 
as to safeguard the existence of the metallurgical industry in India for long. The only 
possible means of enlarging the coking coal for the metallurgical industry is to explore 
the possibility of converting the non-coking coals into coking coals. 

These can be done only by intensive research on the coking properties of coal. 

Prof. Wheeler, Frank, Fisher, Parr, Hadley and many other rcseaixh workers 
have carried out research with a view of studying the fundamenlal structure of coal by 
extraction method. 

Blayden, Riley and Show made X'ray studies of coking coal for determining 
agglutinating properties. Work has also been done to produce coke from non-caking 
coals by various means. Fisher experimented on the carbonisation of coal under a 
pressure of about 50 atmos and he obtained strong dense coke from non-caking coals 
of high Oxygen content. L. J. Davis has described the production of coke from 
powdered anthracite by mixing it with 20% of pitch or 25% of tar. Bergins process 
of hydrogenation of coal by hydrogen under pressure also improved the non-caking coal 
of which the caking power was even beyond tlie range of normal coals. 

Besides the academic work mentioned above many attempts have been made for 
practical use of the processes developed though none has been reported to be of any 
commercial importance. Some of these processes are: the *Fuclile' process of England, 
the ‘Carbocoar process of America, ‘Colloidal BritiucUing’ and ‘National Fuel Process’ 
developed by the American Cytanamid Co. of America and lastly the ‘Two Step’ i)rocess 
of converting non-caking coal into coke as developed in Germany. 

In the interest of the metallurgical industry in India coking research should there¬ 
fore he given the first priority and some of the processes described above or new process 
developed and made into a commercial success. 

23. Planning of Consumption of Coal (Scientific and Rational Use). 

A. K. Shaha, Calcutta. 

The principles on which tlxe Planning of Consumption of Coal will be based, may 
be taken as the following:— 

. I. The Attainment of complete combustion of coal with mihiixxum excess air 
wherever coal is used as Fuel. 

2, The Utilization of all the amount of Heat thus developed for useful purposes, 
with minimum loss. 
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3. The complete Recovery of By-products during the process of Carbonization 

of coal. 

4. The use of Proper grades of coal to suitable Industries. If these four Scienti- 

hc Principles are adopted, the present consumption of coal can be reduced 
by 20-25 p.c. and in 1956, the production of 32 million tons of coal will 
serve the need in place of 4T million tons, as proposed by the Coal-Fields 
Committee, 1946. 

A simultaneous campaign on two Fronts Production and Consum.ption can solve our 
National Problem. The demand for unscientific and irrational consumption should not be 
met by increase of Production as this would mean waste of National Wealth. 

The scheme is based on present conditions wdth minimum additions and alterations 
and without slightest interference with the routine work of the plants. Of course 
Scientific measures always go parallel with the increase of Production as well a/3 
belter quality of Products. 

The following examples of huge misuse of coal and their remedy 
explained:— 

1. Loss of 30 million gallons of tar in the process of soft coke manufacture is 

increased every year. The author explains his own method of Low and 
Medium temp, of carbonization of coal. 

2. While operating coal mines—^valuable coking coal and as well as ist grade 

coal is used in boilers. Author suggests to use dust coal in the form of 
Briquettes. 

3. Railways can use Low grade coal dust formed into enriched Briquettes and 

as well as to provide modem Locomotives with condenser installation. 

4. In boilers, Furnaces and Kilns—^to install Recuperators and regenerators. 

24. Laboratory Experiments on the Isolation of Ceria from Monazite Sands 
of Travancore. 


V. G. Iyer and R. Prasad, Benares. 

With the increasing applications of cerium in varied industries, the process of 
extracting ceria from Monazite sand of Travancore has to be perfected first. An 
attempt has been made to that effect in this paper. It has been broadly divided under 
two heads: 

(i) Introduction and («) Experimental part. 

In the introduction, a brief survey of the deposit of Monazite sands of Travancore 
has been made with a short historical review on general. Its growing importance has 
been emphasised owing to its Thorium content which can be used in future as a target 
atom for the liberation of atomic energy. Apart from its use in tlie gas mantle industry, 
it finds application in the manufacture of pyrophoric alloys and various other industries, 
a fact which has made it still more important. 

The experimental part consists of the following: 

(i) Treatment of crude ore monazite sands. 

(it) Qualitative chemical analysis of monazite sand. 

(in) Extraction of ceria from Monazite sand. 
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25. A note on High Frequency Current Density in a Hollow Cylindnca«s 
Conductor. 

Santi Ram Mukerjee^ Benares, . . . 

Hollow Cylindrical conductors have lately gained very wide application in Radio 
Engineering. Due to their non-radiating properties, they are conveniently used in con¬ 
nection with ultra-short and micro-wave transmission lines, wave-guides, etc., particularly 
for Radar and Relevision purposes. It is often found necessary to know the current 
density along the radius oE such a conductor, specially to detect the formation of sta¬ 
tionary waves along the cross-section of the tube. The current density for steady 
sinusoidal current can be calculated by Bessel functions, and in the present communica¬ 
tion, the solution has been obtained for varying high frequency current flowing 
through the conductor. For the purpose of relaxed oscillations, a solution has also been 
obtained for linear variation of current with time. 

‘26. Some Observations on the Recrystallisation of Silicon Ferrite. 

S. ViswANATHAN and R. Muthuswamy^ Jamshedpur. 

The effect of deformation on recrystallisation of one per cent, silicon ferrite has been 
studied. Increasing deformation increases the rate of re-cryslallisation as a resultant 
increase in both the rates of nucleation and growth. 

The effect of temperature on isothermal recrystallisation curves was studied. Tem¬ 
perature increases both the rates of nucleation and growth. 


K. C. Mazumder, Jamshedpur. ! 

The Binary alloys of some metals like Cu, Ag and Au can be expressed by approxi¬ 
mately definite chemical formula and are Imown as abnormal valency intermetallic 
compounds. The different phases of these alloy systems have definite electron-atom 
ratios which are generally expressed as 1.4, 3/2, 21/13 and 7/4 for the << /6 7 and 
g phases respectively. They can, however, be expressed more uniformly as 2i|i5, 
21/14, 21/13, and 21/12. This regularity suggests the possibility of extending the 
series inside the L- phases. The L-phase may, then, be composed oE sevei'al minor 
phases of electron-atom ratios, 21/16, 21/17, 21/18, 21/19, 21/20, at the boundaries of 
which there will be discontinuities, however small, of some physical properties of the 
alloys. The indications of such discontinuities found in the published data are 
discussed. 
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1. Eifectiveness of Green Manuring in Tenns of Crop Production. 

P. G. Krishna and D. V. G. Krishnamurty, Hyderabad-Deccan. 

The green matter ploughed into the soil in the form of Sannhemp and Daincha 
varied from 6,000 to 23,000 lbs. The total nitrogen added to the soil due to both 
green matter and fixation in soil varied from 160 to 290 lbs. In spite of these huge 
amounts of nitrogen derived from green manuring, the net gain, as reflected in +he 
yields of sugarcane, is the same as would be obtained from an application of a mere 
50 lbs. of nitrogen in the form of oil cakes. 

2. Anthocyanic Purple Pigment in the Sorghum Ovary and its.Genetic 
Relations. 

C. VijAYARAGHAVAN and A. Kunhikoran Nambiar, Coimbatore. 

Anthocyanic plant pigments occur in several pa?rts of the Sorghum plant A 
transient tvpe of purple colour was observed in tlie ovary of a type of Sorghum caudatum 
Stapf received from Africa. The purple pigment occurred in the sub-epidermal layer 
of the pericarp of the ovary and was confined to one or two layers of cells only. It 
was intense at the time of flowering, but faded away in a day or two. The pigment 
was soluble in water and alcohol and turned into greenish yellow by alkali and red 
by acids. A survey of the ocisting types of sorghum at the Millet Breeding Station 
showed that this character was rare especially in the Indian types. In segregations, 
the purple ovary was dominant to the colourless one. A factor Po produces this 
purple pigment in the ovary. Po is a monogenic dominant to po. This gene Po is 
located in the same linkage group in whicli sheath—dry anther colour, sheath—^juici¬ 
ness of stem, and sheath—grain colour genes are situated. 

3. Influence of Panicle shape on the Vegetative Characters in Ragi— 
Eleusine coracana Gaertn. 

C. Vijayaraghavan and U. Achyutha Wariar., Coimbatore 

By grouping the ragi population into tlie phenotypes “top-curved”, ^^in-curvcu” and 
.“fist-like” and viewing their behaviour critically over a number of seasons, it was 
observed that the genes Ei and E2 acting additively differenciate the three types in 
finger length. They also exert an influence on certain other characters like height, 
length of peduncle and flag length. This multiple effect of the genes was confirm^ 
by a detailed study of comparable sister families. The manifestation of this genic 
influence was noticeable in spite of the climate factors of different seasons and years. 

4. Determination of Milk Solids. 

K. M. Mehta, Jodhpur 

In the course of examination of milk samples, cow and buffalo, under the Marwar 
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Pure Food Act it has been noticed that the total solids of milk general^’ arc in excess 
by the Richmond scale when compared to the direct Gravimetric method. This is 
more so when milk is adulterated by adding water, abstracting fat or both. In order 
that uniform results for total solids in milk arc obtained from the different laboratories 
it is desirable that a common standardised method for its dotenuination is prescribed 
by the Central Committee for Food. 

The Ferrous Iron Contents of Indian Soils. 

U- P. Basu and S. C. Chaudiiury, Baranagar, Calcutta. 

The deficiency of iron intake leads to nutritional and hypoclironic anaemias in man 
with consequent loss of health and economic efficiency. We get our normal requirement 
of iron from food stuffs, the major part of which is derived from vegetable sources. 
The iron contents of these food materials of plant origin are again obtained from 
the soil on which the plants are grown. As such a knowledge of both the total and 
ferrous iron contents of a soil would be a valuable guide to the level of iron contents 
of food crops and other vegetable matter grown on it. It is known (Kliman, Soil 
Sci, Soc. Amer. Proc., 1937, 2, 385) that it is the ferrous iron that is absorbed and 
utilised by plants. 

In this paper total and ferrous iron contents of soils from Bombay, U.P., C.P., 
Madras, Orissa, Bengal, Bihar, Punjab and Sind have been ascertained, and suggestions 
have been put forward that the total and ferrous iron contents in various parts of our 
country and in different seasons be determined. These would be helpful in correlating 
the relationship between the iron contents of food crops and the health, of the human 
as well as cattle population of the respective areas. 

6. An Improved Type of End-Over-End Shaking Machine, 

G. S. Raisinghani, Halani, (Sind.) 

A large number of soils and sub-soils has to be tested for their total salt content 
in the irrigation Research Laboratory of the Sind Public Works Department. Actual 
measurement of electrical conductivity takes far less time than the preparation and 
shaking of soil suspensions. With the available convenient models of shaking 
machines, ten soil suspensions could be shaken at a time. There has, therefore, been 
need of a machine which can shake a large number of soil suspensions at a time without 
being bulky, costly or unwieldy. With this object the improved type of etKl-over-en<l 
shaking machine has been designed It is a modification of the Wagner's Rnd-ovcr-eiul 
Sliaker of the Baird Tatlock and Co., Ltd., London and its advantages arc: 

(a) The convenient size and the principle of end-over-end shaking of the Wagner’s 

» Shaker have been retained; 

(b) The capacity of shaking bottles has been increased from ten to twenty four; 

(c) For the same cost, construction of the improved Shaking Machine is moic 

robust; 

(d) More efficient and easy screw device for fastening bottles in the machine has 

been provided; 

(<?) The improved type of Shaking Machine can carry and shake bottles of any 
size and shape. 

The improved type of Shaking Machine was manufactured in the Kotri Workshop 
of the Development and Research Division and is now in use in the Irrigation Research 
I.,aboratory at Karachi. 

• The paper is accompanied by a blue print sketch of the improved type of shaking 
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7. The Influence of Stage of Growth on the Chemical Composition of Some 
Perennial Grasses, 

B. M. Patel, Anand. 

It would be a national economy i£ fodder crops could be harvested at a stage 
when they are most nutritive. In order to find out at which sta^’e the three perennial 
gnasfees (Napier, Guinea and Eleplant) should be harvested Ihis experiment was 
carried out. 

Three above-mentioned grasses were harvested at the following stages:— 

I. (i) Preshooting stage, (2) Boot stage, (3) iiifloreseiicc stage, (4) I’ost 

blooming stage, (5) Mature stage. 

II. Cutting at an interval of 30, 50 and 70 days. 

The samples were analysed for their composition which indicates that it is always 
beneficial to harvest the grasses either at its pre-shooting stage or at 30 days intervals. 
In the more mature stages the protein, fat and carbohydrate contents are reduced and 
fibrous portion and silica content portion increased. 

8. Structure in Black Cotton Soils of the Nizamsagar Project Area— 
Hyderabad State. 

P, G. Krishna and S, Peruma, Hyderabad—Deccan. 

The black soils exhibit a characteristic structure in their subsoil. Details of this 
structure have been noted in the Raichur District in the year 1931. Later on, a special 
study has been made from about 1943 in tlie Nizamsagar Project area. 

This structure has been termed Tentir as there is close resemblance to tlie lentil 
seed. 

The shape, size, and make up of the structural aggregates do not fit them into 
any of the forms—Cubic or Sphere-like, Columnar or Prismatic, and Platy, which are 
commonly recognized. 

Only the upper surface of the aggregate is convex-shaped, when the structure is 
faintly developed. Both sides of +he aggregate are convex when the structure is well 
developed. The aggregates are quite lentil shaped, stable, aiXd measure (7"X4"), 
( 8 "X 5 ' 0 » (9"X5"). They can be detached w'ith ease from tlie soil body. In soils 
with impeded drainage these lentils are hard and break into irregular or prismatic 
clods. In good pervious soils they are soft and peel off into several similar very small 
stable lentils measuring one by one-fourth inch. 

The lentil aggregates are seen to form parts of larger and huge lentils of similar 
shape, several feet in length and width fitting in with the depth of this structural horizon. 

The structural pattern consists of a set of parallel planes of cleavage inclined about 
30*^ to the ground level. These planes seem to indicate the direction of subsoil drainage. 

Soils possessing this characteristic lentil structure are highly productive, liiglily 
absorptive and nut easily erodible. Also, in them, alkaline patches are few and rare. * 

9. Bai’bada and its usefulness as Green Manure Crop. 

P. G. Krishna, Hyderabad-—Deccan. 

Barbada (Indig of era barbara Gamble), a busy leguminous plant of tlie Indigofera 
group is found growing wild all over Hyderabad State. This plant was tested for ii 
usefulness as a greai manure plant for tliree years in pots and one year in the field. 
In pot culture tests extending over three years the plant was found to fix appreciable 
amounts of nitrogen. In the third year tlus plant was tested against Sannh^p and 
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©a/ncha both for the green matter produced under field ccjnditioiis and for its nitrogen 
fixation in the soil. With i*egard to weight of the green matter (stems and IcavCvS) 
it was found to be about equal to Daincha and somewhat less than Sannliemp, and tl^e 
nitrogen added to the soil by ploughing in the whole plant was estimated to ])e more 
than that of Daincha but less than Sannlicmp, and this w.'S calculated as 6o, 55, and 
78 lbs. nitrogen per acre for Barbada, Daincha and Sannliemp respectively. By the 
analysis of soil samples collected before and after cultivation the crop it is estimated 
that the nitrogen increase in the soil was about 276, 292 and 256 lbs. per acre for the 
three crops Barbada, Daincha and Sannhemp respectively. Therefore, Barbada can be 
said to be quite as suitable as Daincha and Sannhemp for green manuring. Barbada 
stems are very thin as compared to those of Daincha and Sannhemp and arc likely to 
be decomposed readily in the soil. 

Barbada crop is not eaten by cattle, goats and sheep and being a pevetinial, would 
be very useful for reclaiming eroded lands and for improving forest soils. Dr. D. V. 
Shuhart, the American Soil Conservation expert witli whom these results were discussed 
during his recent visit to Hyderabad agreed to its usefulness for green manuring and 
for soil conservation. 

10. Investigation on the Alkalinity and Saltishncs.^ in Giir made xrom 
Coimbatore Sugarcane Varieties. 

P. G. Kbishna, Hyderabad—Dcccan. 

Coimbatore sugarcane varieties when cultivated in new areas yield gur high in 
alkalinity in ash directly depending upon the water soluble salts in the soils and irriga¬ 
tion waters which are absorbed by the plants. 

The alkalinity in ash is lower in gur made from ratoon sugarcanes than in gur 
from plant (new crop) canes. Also a great number of gur samples from ratoon canes 
is sweet or less saltish than from new crop. This indicates that on continued canc 
cultivation, the gur produced will tend to be less alkaline and less saltish to taste. In 
other words, it tends to become sweet. 

Sweet gur was always yielded by Coimbatore Sugarcane variety 419, and almost 
always by 434. On the other hand, Co. 290, 301 and 244 always gave saltish gur. 
This may be varietal characteristic indicating selective absorption of the salt present 
in the soil. 

There was no correlation between the taste ot gur and total alkalinity in its ash. 
Some gur samples with high alkalinity had a sweet taste wliilc others with very low 
alkalinity had saltish taste. 

Saltishness in giir is due to the presence of chlorides in it. If the chlorine content 
is more than 0.50%, the gur tas^^s saltish. The sulphate content has no such effect. 

For new irrigated areas, it is suggested that a variety oE sugarcane like ("o. .119 
which always yields sweet gur may be grown. In the alternative, prior io the intr<jduc- 
tion of Coimbatore sugarcane varieties, ryots may be advised to cultivate paddy Cor at 
least two seasons before planting cane so that tlic chances of obtaining saltish gur 
become minimised. 

For reclaiming saline areas Co, 290, a very hardy variety, may he reconimcndcd to 
be cultivated, along with systematic leaching, as this variety not only absorbs large 
amounts of salts but also withstands water-logging. 

11. Studies on Indigenous Methods of Storage of Butter. 

K $. Rangappa and B. N. Banerjee, Bangalore. 

Desi butter is stored for a number of days before it is melted into ghee. In some 
villages it is stored over buttermilk but generally in collecting centres and with retailers 
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or wholesale dealers it is stored dry in tins. An examination of the two methods 
showed that after 12 days of storage, the sample in butter-milk of o.6-o.8% acidity 
developed six times less (0.56%) acidity than that stored dry (3.4%). Experiments 
on storage of butter in \Vciter and in lactic acid solution (o.S%) show^id that while 
storage in water largely suppressed acidity development, the butter tended to lose flavour. 
In lactic acid, on the other hand, the tlavour also was retained, '^rom the point of view 
of flavour, low acidity and storage property of butter and ghee, storage in the following 
order, in lactic acid solution, bulter-milk or water is recommended. The liquids should 
be changed every day. However, butter should not be stored in hot climates at all, but 
melted into ghee at once as even salted, pasteurised and ^inned creamery butler (Indian 
or Australia) do not keep sweet for more than four months (% acidity). 

12. Standardization of the Ginning Technique for Small Samples. 

R. L. N. Iyenger and D. L. Sen^ Matunga (Bombay). 

The object of the present investigation is to standardize a technique for ginning 
small samples of cotton in cotton breeding stations which would give the value of the 
ginning percentage corresponding to that given by a normal commercial gin. The study 
vras carried out to find the effect on tlie ginning percentage of three factors,, namely, 
(i) the size of the sample, (2) the method of selecting the sample and (3) the gin 
used for ginning. 

In connection with the first factor different weights of kapas v/cre ginned in the 
same gin but the results did not show any significant influence of the weight of the 
sample on the value of the ginning percentage. 

On the other hand the second factor was found to produce a significant change. 
A sample made up of whole locks or lumps of kapas gave a significantly higher ginning 
percentage than a sample made up of separated single seeds. 

With regard to the third factor tests were made on five kinds of roller gins, W., 
(i) locally made wooden gin from Parbhani, (2) Bardoli gin, (3). table model gin, 
(4) Platts hand gin and (5) Platts power gin of the commercial type. The last three 
gins were of the Macarthy type while the first two were made of a combination of 
two rollers The results obtained showed that on the whole the first two gins via.j 
Parbhani and Bardoli gins gave a value of the ginning percentage which was about 
four to five per cent, higher than the values given by the other lliree gins, the differences 
among which were only very small. This increase in ginning percentage was found to 
be due to the crushing of some seeds which were carried over along with the lint. The 
time taken from ginning a specified quantity of kapas was also very nuicli higher in the 
case of the former two gins as compared with the latter. However, the lint obtained 
from the former gins was slightly longer and mure regular than that obtained from 
the latter gins. 

From the above findings it can be concluded that on account of the higher value of 
the ginning percentage given by Parbhani and Bardoli gins and on account of the longer 
time taken to gin in these gins, they are not suitable for standard ginning practice. On 
the other hand Platts hand gin takes only a small time for ginning and it has the elasti¬ 
city of managing different sizes of small samples usually met with in cotton breeding 
as far as possible, all foreign matter that may be present in it. 

work. Furthermore it gives the value of ^rming percentage which corresponds to that 
given by the commercial gin and therefore, it can be recommended for general use. 
For standard gimiing practice 25 gm. sample, made up of either whole locks or of lumps 
of kapas appears to be a suitable quantity. It is, however, essential that before the kapas 
is weiglied for ginning, it should be tlioroughly opened out by hand so as to remove, 
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13. Compost from Town Wastes, its Composition and Effect on Crops. 

K. G. JosHi and P. S. Thakur, Nagpur. 

The Bangalore technique of composting town refuse not only alYords a very sanitary 
method of disposal of dangerous town wastes but also ensures conservation of tnannria] 
ingredients in these wastes and their productive utilization as manure. 

2. In comparison with good samples of Farm Yard manure, town composts do not 
show much superiority on nitrogen basis. They show', how^ever, a very high coulent of 
total and available phosphorous, about 2 —3 times than that of cattle manurt. ami are 
superior to the latter in this respect. Compared to the low type of cattle niauure, llie 
town composts arc very rich. On an average town composts contain 0.8 to 1.0 p.e. 
Nitrogen and 0.9 to 1.2 p.c. phospliorial Piutoxu. The manure of bigger towns (popu¬ 
lation above 25,000)* is generally poorer than smaller towns, the common drawback ii\ 
the former being the high proportion of stones and scraps in them. 

3. On cultivators fields the data collected by us show that the yields of food croph, 
increase by 50 to 100 p.c. over that of unmanured fields. The manure depicts its bulky 
nature by showing a residual effect. Certain field experiments also have shown that 
the manure shows a better performance than the cattle manure but does not compare 
so favourably with ground nut cake on equal nitrogen basis, as tiitrogen of town com¬ 
post is made available to the plants slowly. 

14. Effect of Sunning* and Chemical Treatment in Relation to storage of 
Jute Seeds. 


T. Ghosh, B. C. Kundu and N. Basax, Dacca. 

Cor chorus capsularis and C,'olUorius arc two common cultivated species of jute. 
Both of them suffer from ‘Stem-rot’ disease caused by a fungal pathogen Macrophoniina 
Phaseoli (Maubl). Stem-rot is primarily a seed-borne disease. The fungus attacks the 
pod and thereby the ovule and the seed; later the fungus passes into sclerotial stage on 
and wdthin the seed-coat. It is a common e::perience that jute seeds cannot be stored 
in healthy condition for a long period. One of the chief causes in this (i) fungal 
attack. Other causes are (2) retention of high perceiffage of moistuie on account of 
improper sunning, (3) premature seed collcciioii and (4) insect attack. Causes (i) and 
(2) seem to be highly linked. It is seen that after harvest seeds contain as high a 
moisture percentage as 21.38. Proper sunning at least for 120 hours brings the per¬ 
centage down to 2.8 on average, which is safe for storage. The best remedy for the 
primary infection is dry seed treatment willi commercial dusts like Agrosan-G or 
Granosan. Hence, sunning followed by treatment with the said chemicals is recom¬ 
mended before storage. Storage is best under dry air tight conditions. The procedure 
of storage as recommended involves a very low cost and is within the means of the 
poorest cultivator. 

A Comparative Study of the Intra-Class Correlation in Relation to the 
Efficiency Sampling Techniques on Rice. 

P. S. Sreenivasan wid K.. Dasaeauhauama Rao_, Poonu. 

The paper discusses the relative efficiency of the two sampling techniques tried on 
rice at Karjat. The sampling vmit lliat was tried in the year if)j7 consisted of four 
pairs of adjacent bunches separated by three bunches as shown below. 

0 0 XXX 0 0 XXX 0 0 XXX 0 0 

omit omit omit • 
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In the j’ear 1543 the sampling unit consisted of six bunches three eacli from two 
iidjaceni rows as follows: 

omit omit omit 
OsxxO X X X 0 XX 

X X 0 ^ s X 0 XXX 0 
omit omit omit 

Observations were taken on bnnehes indicated as “O’’. 

The intra-class correlations for the w^eekly observations on number of culms pei 
bunch and height are worked out. It w^as found that so Car as the numljer of culms 
is concerned both the sampling techniques arc quite satisfactor3", but for estimating the 
lieight the modified sampling technique is more suitable. Also there is a string indication 
that the seedlings from the nursery at the time of tran.splanlation have hi.j,hly variable 
height. But this initial variation in. height disappears a‘month after transplantation. 

16. Microclimatic Survey of a Sugarcane Field. 

K. M. Gadre, Poona. 

The detailed micro-climatic survey of a sugarcane crop has been made at different 
stages of growth of the crop. This is done with the help of a large number of observers 
each equipped with an Assmann Psychrometer for recording the variations of the dry 
and wet bulb temperatures, as well as the vapour pressure and relative humidity at 
different places in the field. The variations with height as well as the location within 
the crop are studied. Diagrams showing at a glance the distribution of air temperature 
and the vapour pressure within the crop have been prepared. These show fbat the 
‘Macro* climate changes into the characteristic ‘micro* climate of ,the crop within a 
few feet as one enters the crop. 

As has been shown by Ramdas in a recent paper [Ramdas, L.A., “The Microclimaic 
of Plant Communities”, 1946, The Indian Ecologist, 1(1) : i] the sugarcane crop deve- 
lopes an effective canopy towards the end of ?he season when the crop is 15 to 18 feet 
high, and -when this stage of growth is reached, the microclimate shows the maximum 
deviation from that of the surrounding open space, and there is a pronounced temperature 
inversion during day time. This day timo inversion has been designated by Ramdas 
as a ‘forced inversion*. 

The figures also show clearly how big a sugarcane plot ought to be in order to 
develop and retain its characteristic microclimate. Further studies are in progress. 

17. Study of the Progress of Rainfall and Crops week by week, during 
tlie year, in India. 

A. K. Mali.tk a^d T. S. Govindaswamy, Poona. 

Charts, one for each year, have been pr^ared in the Agricultural Meteorological 
Section at Poona, giving a bird's eye view of the sequence of rainfall week by week 
during each year in each of the 30 rainfall subdivisions of the country for the years 
1908 to 1947, These charts show up at a glance, week of excessive or deficient rainfall 
as well as the dry seasons of the different areas (rainfall less than 0,2" in the week). 

Similar charts showing the crop condition week by week in India in symbols and 
figures have been prepared from the information contained in the crop reports published 
by the Agricultural Departiiients of Provinces and Indian States. 
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The rainfall chart as well as the crop diart for the year 1946-47 arc explained and 
discussed. It has been shown that the destruction of wheat crop in 1946-47 by rust in 
the central and soulliern tracts was due to the unseasonable showers received in this 
area during the winter months of November lo February which is normally a dry 
period for this area. Thus the very poor outturn of wheat in this area could have been 
foreseen by the end of January. Lack of information regarding the incidence of diseases 
and their intensity during past years in different parts of the country prevents one froin 
saying definitely whether a more or less similar rainfall distribution in any year Is 
always associated with a poor yield of wheat. The hope is expressed that, in future, 
the crop reports will become more colourful, containing much more information about 
the visible effects of weather on crops and their pests and diseases. 

18. Studies on the Movement of Soil Moisture and Evaporation. 

L. A. Ramdas and A. K. Mallik, Poona. 

Some investigations undertaken by the Agricultural Meteorology Section at Poona 
on problems relating to the moisture balance at the surface of the ground are briefly 
discussed. The mean daily evaporation losses from soil surfaces with the water table 
at different distances below the evaporating surfaces for the black cotton soil of Poona, 
the red soil of Bangalore and the sandy soil of Trivandrum arc given for 6 months. 
It has beer shown that the rate of evaporation decreases very rapidly as the water table 
recedes lower and lower from the evaporating soil surface. Evaporation with the water 
table at 39" below the surface is about 10% of that with the water tabb at 9" below 
the surface. A quantitative relationship between the evaporation and the distance 
between the water table and the evaporating soil surface has been obtained. It has 
been shown that the mean value of evaporation Ez, when z (in cms.) is tlie distance 
between the water table and the evaporating surface, can be obtained from the equation 


Eo 

where Eo is a constant for each soil when z is equal to zero. The values of oc for the 
black cotton soil (Poona) the red soil (Bangalore) and the alluvial soil (Punjab) are 
found to be 0.014, 0.0083 respectively. The method of calculating the mctui 

value of evaponition from as the .soil surface with the water table at a knowu distance 
below the surface is explained. When the water tabic is 9" below the surface the 
evaporation £9^' is obtained from the equation 

B 9 "-(pl-p 2 )x 0.0334 xV 

where V = the wind velocity in miles per day, 

pi = the mean saturation vapour pressure at the mean tempcralurc of the soil 
(assumed to remain wet always) 


and p2 = the mean vapour pressure of tlie air at 4 ft. above ground. 


Knowing Ep^' it is possible to estimate Eo or any value Ez. Such measurements 
and the values of < that can be computed therefrom are very useful for estimating 
evaporation losses from large land areas when the depth of the saturated zone 
and the lelatioii between the evaporation Ironi tlie small evaporiincter and that from a 
large area are known. 
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^ 9 ' 9 ^ some Salts on the Capillary Ascent, Permeability, and Swelling 

and Dispersion of the Black Cotton Soil. 

L. A. Ramdas and A. K. Maluk, Poona. 

^ The effect of different concentrations of aqueous solutions of lithium carbonate, 
sodium carbonate, oxalic acid, lithium oxalate and sodium oxalate on the permeability 
and associated phenomena in the black cotton soil is discussed. It has been shown that 
traces of these substances increase capillary ascent But there is a rapid decrease in 
pem.cability due to the swelling of the colloidal coating of the soil particles with increase 
of concentration; at still higher concentrations chemical dissolution of the soil colloids 
restores, to some extent, the permeability. The .swelling and dispersion of the soil 
particles also follow a similar sequence. 

The effect of swelling on capillary ascait as controlled by P, the permeability and 
S, the pore space, at different concentrations of sodium carbonate solution is discussed 
on the basis of Green and Ampt's equation, 

where P = the permeability, 
where S = the pore space, 

K = the capillary force acting on the moving boundary of the water, 
and L = the height of the wet soil column above the water surface. 

It has been further shown tliat a 5% aqueous solution of sodium chloride restores the 
permeability of the black cotton soil rendered impervious by sodium carbonate and 
• also moves much faster than water in the naturally occurring “Bari** (alkali) soil of the 
Punjab. 

20. Phenology of the Wheat Crop in India. 

L. A. Ramdas, A. K. Mallik and O. Chacko, Poona. 

Isocrones for the mean dates of sowing, Howering and harvesting and the duration 
of the wheat crop in India are discussed in the light of temperature conditions. Charts 
showing the frequency of night temperatures in India during the winter season aire 
given. The mean dates of sowing, flowering and harvesting of the wheat crop, obtained 
from the crop-weather calendars, together with details of the temperature conditions 
during flowering, in the various districts of India are also given in a tabular form, t 

It has been shown that the wheat crop can be successfully grown only in areas 
where the winter temperature falls below 55°F. Further the dates of sowing are conf 
trolled by tlie intensity and the duration of the winter season. It has al.$o been shown 
that date of flowering is independent of the date of sowing so that once the crop is 
sown, its development (viz., the vegetative and productive phases) is entirely controlled 
by climatic factors. Over, the wheat zone as a whole at flowering time the air tempera¬ 
ture varies from about 77° F during day to about 51° F during night with a mean day 
temperature of 64® F and a diurnal range of about 26® F. Depending upon these condi¬ 
tions flowering occurs later and later in the season as one moves from south to north; the 
delay in flowering date being of the order of 4 days for every degree variation in latitude 
Northwards. The duration of the growing season has also been shown to be shortest in 
the south where the winter season is also shortest and increases northwards as'dpes (hp 
length of the winter. 
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21. An Aspect of Field Study in Soil Survey of Indi?. 

R. V. Tamhahe, New Delhi. 

Owing to the varying conditions in the di£erent parts of the country tlie details 
in soil survey will always be influenced by the nature of the local problems and the 
purpose of undertaking. Thus there arises the necessity of correlating the stiils in one 
area with those of other areas so as to get a detailed soil map of India on a conimon 
basis of classification. The methods of field study used in soil survey projects at Indian 
Agricultural. Research Institute under the guidance of Dr. J'. N. Mukherjee include the 
following observations ; 

Three types of surveys (i) and the reconnaissance survey (2) the detailed-reconnais¬ 
sance and (3) detailed survey are generally undertaken. The field technique and measure¬ 
ments as a rule include (i) Base map, prepared mostly on a scale of 4" to l mile for a 
smaller area. In all the cases the area to be surveyed is taken from the Trangulatioti 
Scheme established by the survey of India (2) Topography as expressed by contour lines 
of 25 or 50 feet Topography inteiwal are generally prepared on the base map and in the 
field smaller intervals of 5, 10 or 25 feet are obtained by actually levelling the area of 
project. (3) Natural vegetation and their identification should be noted. (4) Notes on 
Erosion conditions, and present land use, and (5) Profile examination and collection of 
soil samples. This type of field study helps to form a tentative soil map on which la¬ 
boratory analysis and determination help to make accurate mapping. 

22 . Biology, Life-History and Control of Bagrada crudiferarum Kirk. 

(= picta Fabr.) : Pentatomidae (Rhynchola) 

C. K. Samuel, New Delhi. 

Bagrada cruciferarum (or the "painted bug’) is a very widely distributed species 
not only throughout India but also in some parts of Burma and Ceylon. In India, it 
has been reported from several places as causing damage to a variety of cruciferous 
crops, e.g., mustard, cabbage, cauliflower, knol-khol, turnip, radish, etc. In Delhi its 
first appearance on brassica was noticed in the plots of the Botanical Division in December 
1039, and since then the pest has been appearing year after year, sometimes becoming 
serious. In September 1943 the pest caused serious wilting and evenitially death of 
numerous seedlings of young brassica crop by puncturing the central growing points 
and tender foliage. Adult bugs usually appear on young brassica crop about the middle 
of September and continue to infest the crop till its harvest in April-May. When 
brassica: is harvested, the adults migrate to alternate host-plants, viz,, Gynandropsis 
pentaphylla and Rollanitia viscosa (Capparidaceae) whereon they feed and breed from 
June to August, and when brassicas are sown in September, the pest once again returns 
to infest the young seedlings. The pest was also observed in small numbers feeding 
;on' wheat, maize, lucerne, berseem, cowpea, Withania Somnifem and Hcliotrcpiiun 
OifaltfoUum. 

-. The life-history and different stages of the pest are described in detail. 

Control measures tried against the Bagrada pest included spraying kerosine oil 
emulsion—nicotine compound, fish oil rosin soap (2%, 2.5% and 3%) and dusting of 
DDT and 666 (5%). The mortality obtained in the case of first two insecticides was 
90% and So-85% respectively. Dusting was practically ineffective. When the pest was 
cbftc^trated on the field bunds, hand-picking and flame-throwing wete tried and the 
pst was well under control,- 
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23. Studies on the Larval Habits o£ the Sugarcane top Borer, Scripophaga 
Nivella F, 

T. V. Venkatraman, New Delhi. 

There is no published record of a complete account of the habits of early stage 
larva of Scirpophaga nivella and the exact path taken by the newly hatched larva to 
reach the growing point of the plant. In this paper this important aspect of the early 
biology of the top borer is given in great detail. The just hatched larva bites out a 
hole on the lower epidermis of the uppermost exposed midrib, tunnels through the soft 
parenchymatous tissue and when it reaches that portion of the midrib which is in contact 
with the central leaf roll, it tunnels at right angles to the upper epidermis and enters 
the leaf spindle. If the newly hatched larva cannot get into a midrib it dies for want 
of protection and food, which at this stage is the soft parenchymatous tissue of midrib. 

Some varieties of sugarcane are more resistant to the top borer than others. The 
morphological characters of the sugarcane plant that appear to be of importance in the 
relationship between the pest and the host plant are; (i) The amount of lignified tissue 
concentrated on the lower side of the midrib varies with different varieties. (2) If the 
just hatched larva cannot bite out a hole in the midrib within a certain period from the 
time hatching due to the hardness of the lignified tissue, it dies. (3) Comparative 
midrib hardness is one of liie factors which affords resistance to the sugarcane top borer. 

24. Preliminary observations on the control of the potato tuber moth 
Gnorimoschema 0 pcrculella, Zell. (Lepidoptera: Gelech'^idae) by its Natural 
Parastfi: Bra^on (Microbracon) Gelediiae Ashin, (Hymenoptera: Braconidse) 

(Hymenoptera: Braconidae). 

E. S. Narayanan^ New Delhi. 

The potato tuber moth, Gnorimoschema operctdellg, Zell, is a serious pest of potato 
in storage. The moth lays eggs in the eyes of the tuber, and the larve that hatches 
out tunnels into tubers and render them imsuitable for human consumption. The storage 
of this valuable food stuff in or near the centres of production for varying periods is 
almost unavoidable and it is in the national interest tliat the damage caused by the tuber 
moth larvae should be reduced to the minimum. 

Bracon (Microbracon) gelechiae Ashmead is one of the well loiown natural enemies 
of the tuber moth larvae in U.S.A. and Canada, where the depredations caused by the 
tuber moth larvae is kept under fairly elective check by this parasite. This exotic 
parasite was imported from Canada in 1944 and in the Entomological Laboratories of 
the Indian Agricultural Research Institute, tlie parasite is bred in thousands. The 
results of the preliminary experiments iiidicate that the parasite can to a great extent 
reduce the pest population. With the same initial infestation it was found that th< 
emergence of the moths from the control trays was five to seven times more than from 
the experimental trays in which the parasites had been liberated. 

25. Preliminary Studies on a Chemical and Physico-Chemical Control of 
the Leaf-Curl Disease of Tobacco. 

B. Rama Moorty, S. V. Desai and C. K. Samuel^ New Delhi. 

Tne leaf-curl disease of tobacco is known to be a virus disease transmitted by the 
white fly Beiiiisia labaci (Gen.). The physical and nutrient conditions in the soil aix 
generally known to be important for tlie development of certain diseases caused fey 
fungi and have lead to the starting, among mycologist a school of “Predispositionalists’^ 
and another school opposing this. There is therefore a great need for experimental 
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evidence on the influence of plsuil nutrition infectious diseases like the leaf-cml 
(iiS€!£lS6S« 

In the course o£ experiments carried over three years, manurial treatments were 
found to have a great influence on the resistance to the Icaf-curl disease of tobacco. 
Three kinds of observations.'were made. (i) Out of the differently manured plants, 
those treated with N carried maximum of disease while those treated with P carried 
no disease. Treatment P+N was intermediate. This result was the same cither 
when the plants were left to the natural conditions of disease infcct^ioii o^r when^ they 
were artificially infected with disease carrying white flies. (2) Ihc 1 iN ratio of 
the healthy leaves was higher than that of the corresponding diseased counterparts. 
{3) The disease symptoms could be arrested even in the susceptible farm manuie 
treated plants even after the onset of the disease by secondary additions of super¬ 
phosphate at a later stage. The corroborative inference from these three types of 
observation was that additions of nitrogenous manures increased the susceptibility while 
those of P increased the resistance to the leaf-curl disease. Some of the predisposition to 
disease as a result of heavy nitrogenous manure could be reduced by the application 
of B, Cu, Mn and Zn. But definitely better results could be obtained by the addition 
of super instead of these minor elements. 

Differently coloured mulches also showed varying degrees of resistance to disease 
indicating the influence of soil temperatures in cotitrolling the susceptibility to leaf- 
curl disease. 

It is proposed to continue the experiments to confirm the interesting results so far 
obtained. 

26. Some Biochemical Studies 011 Nitrogen in Soil and Manures. 

S. V. DESAi-awi B. V. SuBBiAH^ New Delhi. 

As the principal biological processes in the soil are those of hydrolysis and 
oxidation, the solvent action of 80% sulphuric acid has been suggested by several 
workers for characterising the soil organic matter and for dilTcrentiating relatively 
easily decomposible material and material resistant to bacterial activity. 

From the point of both nitrogen and carbon, hydrolizable by 80% sulphuric acid, 

manures studied were found to be of the following order:—Farm yard niaimrc, 
compost, cowpeas, mustard cake and acUvalcd sludge. Botli the total C|N ratio as 
well as hydrolizable carbon to hydrolizable nitrogen tallied except in the case of last 
two in which the order was reversed. 

The relative nitrifiability of these organic manures as determined in the labora¬ 
tory incubation experiments was found to be in the decending order of (i) Mustard 
Cake (2) Activated sludge, (3) Green manure, (4) Compost and (5) Farm yard 
manure. Addition of inorganic nitrogen invariably increased the amount of nitrogen 
nitrified. The nitrification values were found to depend more on the sulphuric liydro- 
lizable carbon and sulphuric hydrolizable nitrogen ratio than on total C and total N. 

The straight line graph obtained by plotting the nitrate formed with ratio oJE 
hydrolizable nitrpgen to the carbon oxidised during incubation showed that nitrate for¬ 
mation was dependent upon hydrolizable nitrogen 

Further tlie hydrolizable nitrogen of maiuires and soils was also found to be cor¬ 
related' with yields and nitrogen recovered by the crop in the field experiments at 
Delhi. 
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These results suggest that llie mineralization o£ nitrogen depended on the 8o% 
sulphuric acid hydrolizable nitrogen and that determination of this fraction is useful 
in judging the nitrogen availability to the crop. 

27. A Preliminary Study of a Few Sampling Sizes for the Growth Obser¬ 
vation of Field Cotton. 

P. S. Sreenivasan and T. S. Govini^aswamy, Poona. 

Three sample sizes namely 8, 16 and 24 foot-rows made up of two parallel 4, s and 
12 foot length in two adjacent rows respectively were tried for making quantitative 
growth observations on field cotton. It was found that there is no appreciable gain 
by adopting bigger sample sizes for observing the mean number of plants per unit 
length, mean height of plant, number of monopodial and sympodial brarxhes. But in 
the case of mean number of flowers per unit length, there is an appreciable decrease in 
the coefficient of variation when the sample size is increased. 

28. A Statistical study of the growth of Sugarcane at Poona. 

V. K. Ramabhadran, K. S. Keishnamurthy and P. S. Nayar. Poona. 

In this paper growth curves are fitted to germination counts, height of cane and tn« 
brix reading. It is found that germination and ffirix’ follow tlie law 

£y-a(t-y) 

where a and k are constants. The height, however, follows a more general curve, 

^=f(x)y(k-y) 

dx 

where f(x) is a function of time (x) and k is a constant. 

Each growth phase of the sugarcane crop is thus conveniently represented by a .^el 
of “growth constant’". Such a process summarises the entire life history (from sowing 
to harvest) of the crop. These constants as well as those representing the variations 
in the climatic factors vary from year to year and can be correlated with the variations 
in yield, 

29. Intraclass Correlation and Sampling Efficiency* 

V. K. Ramabhadran, K. Dasaradha Ramarao and J. G. GRiEFXtHs, tootia* 

The paper discusses the efficiency of the 8’ linear sampling technique for sugarcane 
by calculating intraclass correlations for the weekly observations of height. It is found 
that such a sampling is suitable for the sugarcane crop. 

30. A note on the Biology Poecilonola plagiola Hmpsn. (Arctiadse). 

B. B. Bose, New Delhi. 

The food plant of the caterpillar of tliis moth which belongs to the family Arctiadae 
was discovered in 1943 at Delhi although the moth was described as far back as 1898. 
The caterpillars feed under natural conditions on the leaves of Eriobotrya japonica 
Lindl. (loquat) which is a luscious Chinese fruit and is grown all over India but much 
more successfully in the North West of India and the fruits are available in the 
market for sale during summer aiid upto October in Delhi. 
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A coloured plate has been prepared showing the caterpillar, pupa, cocoons and a 
female moth. ' The pupal period in captivity was 17—10 days in February-March 1943, 
and the caterpillar is characteristic as it has only 3 oC prolcgs oii the 4, 5 , 6 

abdominal segments .and carries a chain of head moults over its head almost vcriicall}'. 
The larva, pupa and cocoons have been described. 

31. Virus Diseases of Sann-Hemp .(Cro^a/aria Juncca Linn,) iu liidi-' 

5 . S. Pj Raychaudhuiu, New Dellii. 

Three virus diseases have been observed on saiin-hemp (Croialaria juncea Linn.) 
so far in India; these are Mosaic, Snialling and Leaf-curl. * 

Symptoms of the three diseases are described in detail. In the case oC inosaic, 
characteristic mottling is the chief symptom while in smalling and leaf-curl stcrillilv 
and development of enations respectively are the distinguishing features. Mosaic and 
smalling are transmissible by sap-inoculation while leaf-curl is not sap-inociila])U‘, although 
it can be successfully transmitted by grafting. Host-range of all the three viruses 
has been studied. 

The mosaic virus has a thermal death point of 68“—70°C., longevity in vitro of 
71-76 days and can tolerate a dilution of between i: 1,000—J: 5,000 while the smalling 
virus has a thermal death iVoint of 85°—90° C., longevity in vitro of 41—SO days and cah 
tolerate a dilution of i: 25,000—i: 30,000. No evidence of seed transmission has been 
observed in the mosaic and leaf-curl diseases. 

32. Climatic Factors Responsible, for the outbreak of Agrotis Pests. 

A, C. Sen., Sabour (Bihar). 

Very little information is available on the ecological aspects of Agrotis ypsillon 
Rott. which is the most serious pest on the *Rabi^ crops such as wheat, gram and pulses 
etc., in the low lying areas in Bihar. The first report of the pest in Bihar, is usually 
noted either in the last week of September, or in the first week of October—depending 
upon the ‘Hathia’ (October) rainfall. It has been observed that if this Hathia rain 
be of intermittent duration or lesser, there is then every possibility of epidanic of this 
pest. Two reasons can be ascribed to this, viz., (i) weeds thrive well under less flood¬ 
ing conditions and serve as food-plants to the pest, whereas, under heavy rain conditions 
the low lands remain submerged under water for a longer period and as such, arc not fit 
enough for ovoposition by the pest, nor the weeds are grown earlier to give the ready 
available food plants, (i'i) Soil cracks form an ideal site for the moths to the hide and 
to lay eggs; under heavy flood conditions this crack formations are much delayed. 

Early ‘Hathia’ fain and consequently early receding of the food water, on the other 
hand, has been found to be very suitable for ovoposition by the pests. Monsoon rain 
has no effect on the prevalence of this pest. 

33. Role of the Entomology in the Grow More Food Campaign. 

A. C. Sen, Sabour, (Biliar). 

The incidences of pest infestations are as mucli dependent on tlie ecological condi¬ 
tions as on the availability of food plants. Hence, in all our attempts on tlic intensi¬ 
fication of the Grow More Food Campign, the correlation of the insect fauna with the 
plant flora should receive first priority and be never overlooked. Grow More Food 
Campaign should not give rise to Get -More Pest Populations. 
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The disturbances of the crop-rotations and excessive cropping are very likely to 
give rise to overlapping of the life cycles of certain pests without any break. Unless 
suitable types of soil and host plants are selected, it would very likely increase the 
termites and caterpillars in the fields. When requisite chemicals arc not easily avail¬ 
able, nor are within the purchasing limits of the cultivators, we should give more atten¬ 
tion to prevent the occurrence of the pests by inexpensive cultural operations, rather than 
to resort to chemical warfares in the control of the pests. 

A few examples were cited as how in altering the date of sowing, depending on 
the ‘Hathia' rain, the damages from the notorious rahi crop pest A gratis Ypsillon Rott. 
can he greatly averted, how the early paddy, the ‘Colaba’ variet3^ can be growm advan¬ 
tageously on a large scale in certain tracts where Leptocorisa varicornls F, is rare, how 
harvesting the potatoes by the middle of February saves the vegetable to a great extent 
from the Gnorimoschema opercidella Zell.—^all these have been proved by large scale 
field trials in Bihar. 

34. Effect of different forms of Phosphate and their combinations with other 
manures on Berseem and after-effect on Maize. 

S. Sen^ New Delhi, 

Experiments were carried out at the I.A.R.I. Farm, New Delhi to test the effect 
of superphosphate, bonemeal, basic slag and ammonium phosphate singly and in com¬ 
binations with farm-yard-manure, green manure and sulphate of potash on the yield of 
berseem green fodder and after effects on the succeeding crop of maize. The results 
of these experiments suggest that ammonium phosphate has better effect on the yield 
of berseem and in building up the soil fertility, as refliected by the following maize 
yields, than other forms of phosphate. The best yields were obtained with phosphates 
in combination with potash or farm-yard-manure. Bonemeal indicated negative effect. 
Further, basic slag showed a definite mamirial value, comparable to superphosphatev on 
both the crops. 
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1. Psychological foundations of communal conflict. 

P. S. Naidu, Allahabad. 

The present communal conflict has its roots deep in the irreconcilable antagonism 
between Hindu and Muslim cultures. Culture should be analysed psychologically, and 
the only school of psychology competent to undertake the task is the Hormo-Analytic 
school. Hormic psychology analyses ailture in terms of the origin and evolution of 
mental structure of individuals, as well as of races or nations or groups. The inherited 
elements of mental structure and their development as a result of their contact with 
the environment, human and sub-humafi, are sketched here on the basis of Hormic 
psychology. Account is also taken of the Unconscious in shaping the course of mental 
evolution, and in the formation of culture patterns. In all this process, it is shown 
that the MASTER SENTIMENT AS DEFINED BY McDOUGALL plays the 
dominant role. The master-sentiments of Hindus and Muslims are shown to be coin- 
pletely antagonistic. There is no possibility of psychological reconciliation. An 
honest recognition of fundamental differences is shown to be the only way for com¬ 
munal peace. 

2. Koh's Block Design test. 

P. S. Naidu, Allahabad 

1. Introduction—A critical estimate of the claims of Koh's test to serve as a 

test of 'g* factor 

2. A survey of recent attempts made in U.P. to adapt Koh’s test to local 

conditions. 

3. Formulation of our problem, confined to ii plus 

4. Details of adaptation of the full battery (as used by Koh), and of the abridged 

battery (as used by Collins & Drever) 

5. Validating check-up by correlation with Allahabad Group Verval test 

for II plus. 

6. Results and Discussion. 

7. Final conclusions. 

3. Projection tests of personality. 

P. S. Naidu, Allahabad. 

1. Historical Survey of the foundations of Projection methods. 

2. Role of Psychoanalysis and Gestral theorie in determining test methods. 

3. Techniques of the newer child-analysis and their influence on personality 

assessment. 

The Thematic Apperception Test—a critique. 

5. The Rorshach Technique—a critical estipiat?. 
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6. A consideration of the concept of personality assumed in these techniques 

7. Suggestions for a new type of Projection technique combining TAT with 

the story method. 

8. Discussion and conclusions. 

4. Discriminating capacity of items of a Word Association Test List. 

S. K. Mitra, Patna. 

As part of research on the technique of Personality Testing at the Institute of 
Psychological Research & Service, Patna, analysis of response of different items of 
the Word Association Test used was undertaken. An attempt has been made in this 
paper to differentiate items on the basis of their eliciting significant personality pointers. 
Some items have greater power to reflect' individual differences than other items. 
Certain theoretical observations follow. 

5. Language Development in the Child of Two. 

G. C, Mathur, Patna. 

A record of speech development of a child was maintained for about a year from 
the age of one. An attempt has been made to relate the speech peculiarities and in¬ 
creasing vocabulary with the environment of the child as far as possible. Some emo¬ 
tional charsicferistics of the child have also been noted. 

6. Motivation for college courses. 

S. C. Srivastava^ Patna. 

The purpose of the enquiry reported in the paper is to determine on the basis of 
a specially prepared questionnaire the tendencies of preference for special subjects of 
study in College Courses and the motives for the same. The present report covers 80 
cases of College students. Certain practical remarks suggested by the findings of the 
enquiry are also made. 

G. Karat and C. C. Bh attacharyya, Calcutta, 

7. Some observations on Passalong Test. 

The present paper is based on Passalong Test Results of about 750 boys and girls 
of varying ages ranging from 9 to 25 years. It presents tentative age norms and also 
attempts to show the correlation between Concrete Intelligence as measured by th.e 
Test and Abstract Intelligence as measured by Terman’s Tests. The question whether 
Passalong Test Scores can be expressed as I. Q. has been discussed. 

8. Freud's psychology of philosophy, 

P. N. Bhattacharyya, Calcutta. 

The paper aims at unfolding and criticising Freud’s psycho-analysis of philosophy. 
His reduction of philosophy to psychosis is based on misunderstanding. This Freud 
could have averted if he had subjected philosophers to analysis and then arrived dt 
generalisations, instead of relying upon second-hand materials, 
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9. Localisation of 'One-Poinf Sensation produceji by Double-Point 
Stimulation. 

S. Warrior, Patna. 

The paper presents a comparative study of accuracy in localisation of sensation of 
a single touch stimulus and of *one-point* sensation in the same area of the skin due 
to stimulation by Aesthesiometric needles. Phenomenological differences are also 
noted. 


10. Study of Industrial accidents in a Textile Mill. 

K. C. Mukherji, Patna. 

This paper is based on an investigation on incidence and factors of accidents among 
factory workers in the New China (Textile) Mill, Seuri, Bombay. Certain remedial 
steps are suggested, 

11. A study of Correlations on Performance Tests. 

G. Kapat, Calcutta. 

Results of four Performance Tests e.g., Pass-along, Dearborn Formboard^ Koh's 
Block Design, Cube Construction, are reported. The paper presents inter-corrclations 
of the different Tests as well as correlation between Concrete intelligence as measured 
by the Tests and Abstract Intelligence. The questions of validity and reliability also 
have been discussed. 

12 . The Psychological factor behind recent Labour unrest in India. 

Bepin Behary, Patna. 

(1) Upward trend in the graph of Labour strikes in recent years. 

(2) The Economist’s explanation in tenn of rise in cost of living not sufficient, 

(3) Importance of the psychological factor of increasing frustration feelings needs 
emphasis. 

(4) Labour unrest and recent communal strife seem to arise from the same back¬ 
ground of frustration feelings among the masses. 

13. Criteria of interpretation in Personality Testing. , ' 

H. P. MAiTij Patna. 

1. Fundamental importance of determination of personality pointers in any 

Guidance or Selection programme . 

2. Though interpretation is essentially an art, depending on tlie practice^ train¬ 

ing and mental equipment of the interpreter, theoretical analysis of the 
criteria and methods of interpretation would be necessary. 

3. The current assumption that the psychiatrist is specially fitted for tlie inter¬ 

pretive art is examined. 

4. Certain conditions and principles of valid interpretation enunciated and 

explained. 


(Reference has been made in the paper to Tests and Test procedures used at the 
Institute of Psychological Research and Service Patna). 
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14. Estimation of a man’s probable success in a vocation. 

G. PaLj Calcutta. 

Four tests (namely Zi, Z2, Z3, Z4) wei*e given to 50 Mechanical Engineering 
apprentices. Proficiencies of these 50 men in Mechanical ability (say ZO) were as¬ 
sessed and ranked by their Superior Officers. 

Correlations of these ranks with each of the four lest scores, as well as the inter- 
correlations of the test scores were calculated. The Values of the coefficients a, b, c, d 
of the regression equation Z0=aZi+bZ2+cZ3-|-dZ4 were determined by the Aitken’s 
method. In the present case the equation becomes Zo=’4792i+’lSo22+'267Z3+’io8Z4 
where Zi, Z2, &: C represent the standardised Scores. 

To predict the success of a man in the Vocation of Mechanical Engineering Zo— 
the person is examined in the four tests. The standardised scores arc then substituted 
in the equation and the predicted score in Zo is obtained. 

15. Analysis of a set of tests into independent factors. 

G. Fal, Calcutta. 

5 tests were applied to 100 College Students. Values of intercorrelations of test 
scores were calculated. 

Hierarchial relations of spearman were not found to be satisfied. 

Thurston’s method of analysis was applied. Loadings oC each of the independent 
factors as well as those of the specifies were calculated. 

Interpretations of these factors in Psychological terms were suggested in the 
paper. 

16. Factors in Number Choice. 

Ram Murti Loomba, Lucknow. 

A study of the conscious factors in number choice revealed bv introspective reports 
obtained from University students with the help of a questionnaire devised for the 
purpose. 

17. Individual Differences in Imagery. 

T. K. N. Menon and S. C. Parikh, Baroda. 

Studies made on the above subject arc not many; the importance of imagery Itt 
thinking, learning, aesthetic appreciation etc., demand more research on the question. 
The prresent inquiry was aimed at to find out among other things whether individuals 
are capable of evoking all or only particular kinds of imagery and whether the clas¬ 
sification of individuals into visiles, audiles, tactiles etc., has any justification. 

The subjects chosen were 54 graduate teachers undergoing professional training 
in the Baroda Training College. The subjects were asked to form voluntary images of 
50 items, 5 belonging to each of 10 types. They were asked to mark the images in 
terms of vividness (Grade of vividnessVery vivid; 6; Vivid: 5; Clear: 4; Mode¬ 
rately clear: 3; Vague: 2; Very vague: i; No image: o). 

The analysis of the data made on a group and individual basis and its graphical 
representation resulted in the following conclusions:— 

(1) Individuals differ very much regarding the vividness of images of different 
types they form. 
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(2) Visual images rank highest in respect of vividness with auditory and lactua) 

ranking next. 

(3) There is no evidence to prove that a person is not capable of forming all 

kinds of images. 

(4) Particular individuals show difficulty in forming even moderately clear 

images belonging to some types. 

18. Performance of the Arts and Science Graduates at Professional 
Examinations. 

L. J. Bhatt and S. C. Parikh, Baroda. 

There are divergent views regarding the relation of ‘the knowledge of theory 
with "efficiency in teaching.” Some people believe that a fairly satisfactory knowledge 
of theory accompanied by plenty of practice will lead to efficient teaching while others 
opine that plenty of theory work with some practice will enable to be a good teacher. 
A reference to the recent change made by the Bombay University re: weightage to 
theory and practice in the B. T. syllabus may be made. Until recently equal weight- 
age was given to theory as well as practice at the B. T. Examination. Since 1944 
more weightage is given to theory and less to practice. 

'Does the knowledge of tlieoiy help a teacher to better skill in teaching?* With 
a view to answering this question, the acliievement of teachers in terms of marks at 
Bombay University B. T. degree examination is analysed in this paper. Two batchehs 
of Arts and Science Graduates who were admitted to training in Baroda Training 
College in the years 1944—^45, 1945—^46 are selected for study. The data consists of 
(i) Qualifications, (2) Marks in Part I and Part II of the B. T. degree examination— 
i.e., achievement in theoretical and professional parts of training. • The Rank Difference 
Coefficient of Correlation point to the following conclusions:— 

(1) There is justification to assume that a sound knowledge of the theory of 

Education brings with it skill in teaching practice; 

(2) The relation between the knowledge of tlieory and sldll in practice is Ifigher 
in the case of Arts Graduates than with Science Graduates. 

19. Passalong Test. 

D. Ganguly, Calcutta. 

This test forms a part of the battery of tests that are being used in connection with 
the vocational guidance work of the Applied Psychology Section of the Calcutta Uni¬ 
versity. 

While using tlie test, the following points were observed: 

(i) In this test as in all other types of performance test chance plays some part 
..in the solution of problems with those persons who attack them with no plan. The 
probability of such chance solution is considerable in the case of sub-test no. 8 of the 
passalong test because of the local positions of the wooden blocks. It has been observed 
that some persons are in the habit of manipulating objects with one particular hand 
and in one particular direction. If the smaller blocks in sub-test no. 8 be placed on 
the right hand side of the subject and if the teslee works in a clock-wise right-handed 
manner the chances of success become much greater than when the smaller blocks are 
placea on his left. The subject in action in previous sub-tests should therefore be 
carefully observed and his habit detected so tliat the blocks for sub-test 110.8 may be 
presented before him set in such a way as to obviate the chance factor. 
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( 2 ) If we pursue the figures of sub-tests nos. 7, 8 & 9 of the passalong test we 
shall see that each one of thenr is composed of same type and number of blocks only 
differing from one another in their arrangement. Only one more arrangement is possible 
whicli has been left out of consideration in tlie staaidard le.st. The figure of this new 
arrangement may be taken as sub-test no. 10; it falls in line with the progressive difficulty 
of the sub-te.sts. Its inclusion will make the whole tesi .scores more smootli ai'.d 
comprehensive. 

20. Mind in the Scale of Evolution. 

(A study in Indian Psyciiology) 

K. C, Mukherji, Calcutta 

Biological evolution implies differentiation. This is also true of llie Sainkliya 
concept of evolution. But there is fundamental contrast in the order of evolution be¬ 
tween the concepts. So the position of mind becomes anomalous even though both the 
concepts maintain purpose in the order of evolution. 

21. Is an Act of Will? 

K. C. Mukherjx^ Calcutta 

It has been observed that success in Intelligence Tests depends greatly on concen¬ 
tration which dispels distraction caused by other factors. The high correlation of 
results of the Terman Tests and Passalong Tests suggest close affinity between *G’ 
and high attentive consciousness which is involved in the performance of Passalong 
Tests. 

22. Measurement of Love-Urges. 

J. C. Das Gupta, Calcutta. 

love urges of 104 persons of which 42 arc adults of different ages and 52 children, 
by the help of a questionnaire of 41 items. The questionnaire scores arc correlated 
with ratings of individual love-urges by skilled observers. Validity of questionnaire 
devised and applied is claimed. The mean scores for children of different ages as Well 
as those for married and un-married adults are given. The Psycliological significance 
of different types of answers is indicated. 

23. Mind-Image. 


Miss A. Sinha, Patna. 

Apart from the logical concept of Mind, individuals differ as regards’ their Ways 
of imagining it. An investigation was carnca out to study these differences by an in¬ 
trospective questionnaire. Certain broad types of niiud-iuiagcry are indicated, 

24. Mental Age versus Grade Placement. 

J. M. Sen, Calcutta. 

Wherever mental tests have been given in primary or secondary school classes, 
wide variability in the mental age of pupils has been the condition commonly found. 
It is not unusual to find in the same class pupils differing in mental age by as muen 
as four years. Nor arc the variations in attainment in any phase of sdiool work 
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usually discovered to be much less. Yet to most school teachers these conditions 
seem far less disturbing than wide variations in chronological ages. The latter con¬ 
dition results, of course, whenever gifted pupils are allowed to skip grades or backward 
pupils are required to repeat grades. Whenever ability grouping is feasible, this 
condition, however, can be largely eliminated. But the fact that many backward 
pupils are still likely to be found in grades in advance of their mental ages, while 
many gifted pupils are discovered in grades far below where their mental ages w’ould 
place them, raises the question as to the comparative importance of grade placement 
and mental age in school attainment. Gifted pupils not infrequently do a poor quality 
of work in comparison to their capacit5^ Is it then, superior attainment of the less 
gifted, and low attainment of the gifted pupils, that accounts for the wide variability 
in attainment and mental ages in the classes. The paper discusses the problems con¬ 
nected with the above questions. 

25. Mental development of piemature Children. 

K. D. Ghose, Calcutta. 

Criterion of judging prematureness—^weight rather age, less than five and half 
pounds. A study of fifteen premature children undertaken about ten to twelve j^ears ag© 
i.e., between 1935-37 and carried on since then. Their bodily condition at time of 
birth and a little later. Their physical and mental growth. Catching up full term 
boys in weight by the fourth or fifth year. Premature girls slightly under weight in 
comparison with full term girls. Doubts as to mental development. But no difference 
in mental ability after the fourth or fifth year, the school rating and intelligence test- 
ipg being equally good. The great advance modern science of pediatrics has made 
in overcoming the deficiencies of intra-uterine life. Prematures have a curious mental 
attraction for one another. Cases of famous prematures like Newton, Darwin, 
Cuvier, Napoleon, Voltaire, Hugo, Lamartine, Renan and others. The prematures 
studied progressing satisfactorily except one who succumbed to ricket and anaemia 
in his fifth year. On the whole, provided sufficient care is taken of them early, pre¬ 
matures thrive mentally just as much as full term children and history records out- 
stan(Kng achievements of famous prematures. 

26. The place of English in Secondary Education. 

% 

K, D. Ghose, Calcutta. 

Elimination of British rule marks a new epoch in our educational annals—^the 
status of English has to be considered on its own merits as distinct from the language 
of the ruling race. 

The position of English as a world language. The claims of English and 
Russian considered especially. English spoken over a larger number of important 
countries. 

The great advantages of English for this country. 

In a selective Secondary System with Basic Education absorbing the bulk of the 
school-going population, English should be not merely an optional language but a com¬ 
pulsory second language from Class VII or VIII onwards i.e., from the age of twelve 
or thirteen. Difficulties as to introducing it at the College or University stage. 

The attention in the future is to be devoted' to mastering fliis language in a shorter 
time by simplified systems or better jnethods of teaching. 
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27. On Pex'sonality-Matching in selection. 

P. D. Shukla^ Simla. 

The importance ot personalilj^ pointers cannot be over emphasized in the modern 
scientific method of selection. But for correct selection to 1 made it is very neces¬ 
sary that the pointers not only interpret the personality correctly but also are uniform 
in their award of grade. How can wc test whether this truth is being achieved by 
a particular selection organization is suggested in this paper in the form of a statis¬ 
tical experiment. 

The paper also incorporates the results of such an experiment conducted on a 
purposive sample of pointers taken from the Employment Selection Bureau records. 
The matching is done both quantitatively and qualitatively. 

28. A future of Neo-Hormism. 

A. K. Sarkar^ Colombo. 

The article is an attempt to consider possible neo-hormic tendencies in psychology. 
Naidu chooses Me Dougall as the best exponent of the contemporary hormic tendency 
in psychology. He suggests that if Me Dougall sticks to his original theory of the 
three-fold analysis of the instincts rather than the two-fold analysis of his later books, 
he will be able to avoid contradiction. 

McDougall however, can be brought nearer Freud if he follows the two-fold 
scheme of the instinctive activities, admitting a natural evolution of mind in terms of 
Drever and Rivers. The affective and the conative aspects of mental life are biologi¬ 
cally relative and mutually convertible. This tendency will further close up the gulf 
between the normal and abnormal mental life so often stressed by Freud and 
McDougall. We shall be drawn nearer to the suggestions of the subliminal self of Myers 
and Tyrrell, interpreting the phenomena of telepathy, foreknowledge, and the expres¬ 
sions of supernormal personalities, as normal, or as expressions of deeper self which 
was not recognis‘d previously. But we prefer to suggest that the development of the 
hormic or neo-hormic tendency along all these directions, should be interpreted sym¬ 
bolically as to admit other ways of development without dogmatising in any one 
(Erection. 

29. Intelligence Test Scores of 400 I.Sc. passed students as compared 
with their University Examination Results. 

S. K, Bose md S. C. Datta^ Calcutta. 

The paper presents a study of correlations between the intelligence test scores of 
400 students who were candidates for admission in the Calcutta Medical College in 
1947 and the total marks obtained by them at the I.Sc, examination of the Calcutta 
University. An ^omnibus’ type of test was prepared and used as a group test. The 
candidates were graded on a five-point scale from the plottings of the test scores. The 
gradings were compared with the University results. Positive correlation was obtained 
in most cases, but there were several cases of discrepancies in whicli students with 
high University marks had low intelligence scores. Scrutiny of the answer sheets of 
these students revealed interesting features which at least partly explained their failure 
in intelligence tests. 

The results of testing on the whole tend to support the contention that intelligen<;e test 
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scores are more dependable guide for judging abilities in practical fields than examination 
results. 

30. Language and Society, 

S. K. Bose, Calcutta. 

Human beings live in social groups, and certain recurrent typical situations in the 
life of the various social groups largely mould the language behaviour of these 
groups. Language is not merely a vehicle of communication, but the warf and woof 
of social bounds and obligations. Deriving its force and cogency from the social life 
a common language assumes the command of the driving power of the society. 

The present paper supports the above contention by referring to modes of linguistic 
expressions of typical social groups or communities of our time. 

31. Bases of payment in Industries and their effects upon the employee 
morale. 

S. K. Bose, Calcutta. 

The paper discusses the relative advantages and disadvantages of the Time, Speed 
and Incentive bases of payment in modern industries, with special reference to the likely 
effects of the different systems of payment on the moral of the workers. A short 
critical survey of the present-day systems of payment—Halsey plan, Premium plan, 
Gantt task and bonus system, Bedaux system, etc.—has been given, and a few observa¬ 
tions have been made about the workers' point of view on the basis of impression 
gathered by the writer by interviewing several workers in factories. 

32. Regression‘in teaching profession—Survey. 

T. K. N. Menon and L. J. Bhatt, Baroda. 

Growth is the chief characteristic of a master teacher; it is limited by the time 
and circumstances on which a teacher has no control. What factors—social, economic 
and personal—contribute to growth vice versa regression in teaching? Can there be 
ways and means to check this tendency to regression? 

With a view to studying the factors which contribute to regression, a form with 
30 items was devised and answers were elicited in writing from a batch of 35 teachers 
who attended a refresher course organized by the Baroda Training College. All had 
put in a service of ten years and more after training. The answers make following 
conclusions evident:— 

(1) All teachers were depressed by their financial circumstances, and lack of 
status told heavily upon their attitude towards profession; 

(2) They were doing heavy work hence their interest in reading and extra¬ 
curricular activities was meagre; 

(3) All of them expected some external agency like Department of Education 
or Pay Commission to help them; 

((4) Efficiency, thus, should decrease if the job does not reward a person with 
satisfaction, does not stimulate him toward further growth nor facilitate 
the attainment of comforts and fulfillments which are basic to decent human 
living; 

(S) It is desirable to consider both how a person does the job and what the 
job doe§ to the person who is responsible for conducting the wofk. 
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Preference Test of Sclrool Children for Different Subjects. 

Mjjs. Shanta Deb, Calcutta. 

This paper is an attempt to find out preference of school children regarding different 
school subjects. Nearly three thousand school diildren belonging to twenty different 
Institutions of Bengal have been tested. Three different tests have been given to each 
child and the results of these three tests have been calculated statistically. The graphs 
show how the interest for different subjects vary in different age. 

Many defects of our present day educational system come to light as well, of which 
the most outstanding is that the children of different age-groups arc pul together in the 
same grade according to their intellectual alDility without any consideratioii of their 
mental age. / 

34. A study of the development of the concept of Class-names in Children. 

J. Ramachandran, Madras. 

An attempt is made in this paper to study the development of the concept of class- 
names by means of a ‘Class-name Test* in Tamil given to 655 children of grades IV 
and V from 8 different Schools at Madras. A quantitative analysis of the results 
revealed among other things: (i) The difficulty of the problem as is evident from 
the low mean scores, (li) Superiority of girls over boys especially after 9 + . (Hi) 
The close relationship of conceptual development to educational attainments as revealed 
by the superiority of 8 year olds of grade V over the 12 year olds of grade IV. (w) 
Superiority of the mentally-skilled groups over the manually semi-skilled groups as is 
evident from a study of results based on the occupations of the fathers. A qualitative 
analysis of the wrong type of answers written by considerable number of pupils revealed 
the preponderance of ‘Definitions by use’, ‘Descriptions of things’, ‘Places where things 
are found’, for both boys and girls. 

35. A Comparative Study of Thought Process in Schizophrenics and 
Maniacs. 

K. A. SuMiTRAN, Madi'as. 

The purpose of this study is to obtain the exact diflercnccs that are found in the 
performance of three psychological tests in Schizophrenics and Maniacs. 

Eight patients from the Govt, Mental Hospital, Madras were chosen, four belonging 
to eacli group. 

The following tests were administered:— 

I. Number series Completion Test (2) Absurdities Test and (3) Analogies Test. 

The Schizophrenics fared better in Number series Completion Test than in 
Absurdities Test. 

The Maniacs have scored very high or very low in both Number Series Completion 
Test and Absurdities Test. 

All the eight patients have scored their highest in Analogies Test. In this test the 
Maniacs kept, more or less, a consistent high level of scoring while the Schizophrenics 
showed wide range in their scores. 

An analysis of the mistakes in Absurdities Test revealed the following characteristics 
of thought deterioration in Schizophrenics and Maniacs. 

Schizophrenic thought characteristics in the order of their deterioration 
(i) Lack of superficial integration of ideas (18 mistakes) (2) Lack of insight after 
superficial integration of ideas (14) mistakes) 
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(3) Inhability to feel contradictions (3 mistakes) (4) Usage of urcomiectcd ideas 
because of “concrete thinking” (17 mistakes) 

Maniac thought characteristics in tlie order of their deterioration:— 

, (i) Lack of insight after superficial integration of idea? (14 mistakes) 

(2) Lack of superficial integration of ideas (i mistake) 

(3) Usage of unconnected ideas (5 mistakes). 

36. Colour preference of Hindustani Students. ' 

Hakim Iftikhar Ali Khan, Lucknow. 

The present investigation of the colour preferences of Hindustani students makes 
use of the materials and the techniciue suggested by Garth. Analysis of data so fai 
obtained (N = approximately 500) shows the order of preference to be: Red, Yellow, 
Blue, Green, White, Violet, and Orange. 

Certain theoretical points are discussed in the light of our findings. 

37. Forecasting of Teaching ability. 

Hakim Iftikhar Ali Khan, Lucknow. 

The paper reports the success of an inventory consisting of 21 items in judging 
teaching ability efficiency. The inventory was tried on 64 students of training class, 
of Luclaiow University and validated against the ratings of supervisors. The corre¬ 
lation between supervisors’ rating and score on inventoi*y was found to be + ,14 + 0791 

38. Fatigue and Efficiency in Textile Industries— a Report. 

Kali Prasad and Harx Shankar Dubey, Luclaiow. 

Last year a sclieme was submitted for an enquiry on ‘Fatigue & Efficiency in 
Textile Industries’ to the Indian Research Fund Association, Govermnent of India, New 
Delhi. A small grant was sanctioned for tlie purpose. The work is being carried on 
in the Experimental Psychology Laboratory at the Lucknow University. 

The object of the enquiry is to measure the fatigue & efficiency of the workers. 
The work has been started in the first instance in the Swadeshi Mills at Cawapore. 
In the course of our investigation we are utilising the records of the working capacity 
of the workers in the factories. These will be supplemented by tlie laboratory tests 
which will consist both of muscular and some mental tests. The following will serve 
as indices of fatigue; 

(1) The Output Rate 

(2) The Consumption of Power 

(3) The Accident Rate 

(4) The Proportion of Wastage to Output 

(5) The Proportion of Sickness and ill-health among the Workers 

We hope to find out the major disturbing factors that operate upon the workers 
and make for their inefficiency and ill-health. Recoimnendations will then be made 
in regard to tlie maximum number of working hours and spells, improvements in the 
working environment and the application of healthy incentives. 

39. A not^ upon the analysis of 331 'personnel officer candidates’ test data 
at the Tata Iron & Steel Company,Limited, Jamshedpur. 

S. Jalota, Jamshedpur. 

The candidates were put through a selection procedure consisting of general intelli¬ 
gence tests, personality tests and group discussion tests. All of those tests were given 
and evaluated by Dr. D. L. Sharnia and myself, both of whom have had extensive 
experience of personal selection procedure.. The age range of candidates was 21—33* 
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We found that (i) Age has a high negative correlation "with intelligence test- 
scores. Some conclude that in the selection of older age groups we should consider 
otlier factors besides the factor of intelligence lest score, (ii) Multiple correlation 
coefficient of the iinal grade with the rest of the tests in (iuile high: 

R 1234 = •+ 759 ; 01 234 -' 5536 

This figure compares favourably with the 'g' Saturation loading of the Final Grading 
(according to Spearman’s method) of .7595 comnninalily of the same (according 

to Thurstone’s method) of .712, (ii) The relative importance of the following factors 
in the Final Grading was obtained from the beta coefficient of the second order: 
Group discussions score = 50.6%; Verbal Test Score = 36-39%» Personality Score 

Non-Linear correlations were also obtained. Several of them were significant. 
Other interesting results of the comparison of Linear and Non-Linear Correlation data 
are also given. 

40. Response Psychology and Religion. ' 

Srimant Lal Das, Patna. 

The paper deals with the implications of Response Psychology in relation to religion. 
‘Response Psychology’ is the name proposed for a new science to deal with the 
responsse (or reaction) of the exteraal world (to man’s inner mental state) and the 
response (or reaction) of the inner world (to man’s inner mental stOite). 

The domain of the supernatural in religion must shrink, and certain religious 
phenomena may be explained by laws of nature which we find true in our every-day life. 

A fair portion of the supernatural and miraculous in religion and life is nothing 
but the response of the-exteimal world or the response of the inner world. 

Phenomena like intellectual illtmiinalion, inspiration, a number of religious revela¬ 
tions, a large number of dreams that play such an important part in religious literature 
Conversion, the Inner Voice, etc. are often but instances of response of the inner 
world. There may be absolutely no mysticism about them. 

With his own experiences of ‘Sharnagali’ and insight in the working of the response 
law, the author sees nothing supernatural or miraculous in the achievements of Gandhiji. 

41. Study of an insane man. 

Udai Bhaku, Indore. 

Ten insane persons were kept under observation. But the causative factors undef-* 
lying their abnormal functions were so different that it was not possible to generalize 
and formulate specific lav :8 governing them. Therefore, one man was selected. 
This paper is the study of his behaviours for six months. 

The abnormality in his reactions was so clear that any man could notice it. There 
was nothing wrong in his situation. This shows that the real course of the trouble 
hid in the brain itself. 

The following conclusions arc drawn:— 

(I) Insanity is an emotional state. It follows the same laws as other positive 
emotions follow. 

(II) Heat and loss of sleep exile it. 

(Ill) Walking in the garden, i.e,, changing the situation did not produce any 
positive result. 

: (IV) There was no appreciable elfcet found in him by sleep. 

(V) Different capacities are disturbed in different degrees. 
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42. Social Psychology and Industry. 

S. C SiNHA, Calcutta. 

The role of industrial psychology. Failure in our country. Change in political 
situation. Nation Building and national industry. Industrial reference. Increased 
output necessary. Depends not only on improved machinery but also on labour personnel. 

Vocational Selection—not sufficient. Healthy social life of labour' personnels 
essential. Cause of conflicts outside managements. Necessity of psychological research 
and handling in the social life of labourers. Social organisation centres. Bureau to 
train, guide and help in practical and effective way. How to conduct them on proper 
line. What to know. 

Social security. Suggestion regarding duties and organisations of social study 
centres of the labour personnel. Immediate necessity and co-operation between scientists 
and Government. 




SECTION OF GEOLOGY AND GEOGRAPHY 

Pbesident : P. K. Ghosh. M.So.. Ph.D., D.So., D.I.O., F.N.I. 

A. Geology 

1. The petrology of 48 flows of Decoan Trap in Eastern Kathiawar and 
its bearing on the differerentiation of basaltic magma. 

W. D. West, Calcutta. 

The 48 flows, which were penetrated by deep borings, can be divided into three 
groups : (i) flows of porphyritic basalt resembling the normal Deccan Trap type; (ii) 
flows with phenocrysts of olivine, pyroxene and bytownite-anorthite; and (iii) flows 
with phenocrysts of olivine and pyroxene, which can be designated oceanito, ankaramite 
and limburgite. The three types are interbedded, and the appropriate magmas must 
have been available for extrusion throughout the period of volcanic aefcivifcy. 

In view of the fact that the normal type of Deccan Trap basalt is remarkably uni¬ 
form in chemical composition (belonging to Kennedy’s tholeiitio magma type), it is 
tempting to regard it as ‘parental’, and to infer that other rock typos associated with 
it have in some way been derived from it. The purpose of this papor is to describe 
some of these other types, and to consider how they may have been derived* 

A study of the optical characters and chemical composition of the constituent 
minerals shows that the olivine phenocrysts vary in compositiom from a'variety with 
about 40% or more fayalite in group (i), through a variety with about 20% fayalite in 
group (ii), to a highly ma^esian variety in group (iii). The pyroxene phenocrysts are 
diopsidic-augite in groups (ii) and (iii), while the groundmass pyroxenes in group (i) are 
pigeonitic-augite. The felspar phenocrysts are lahradorite in group (i), and bytownite- 
anorthite in group (ii). Twelve new complete rock analyses have been made, while 
the pyroxene and olivine phenocrysts have also been analysed. These data i^ow that 
the composition of the phenocrysts is closely related to the composition of the rooks 
in which they occur. 

As regards the origin of these rock types, it might be suggested that the ultrabasio 
types have been derived from the normal Deccan Trap basalt magma by the sinking 
of the olivine and pyroxene, and perhaps felspar phenocrysts that occur in it. But 
the fact that the olivines of the ultra-basic types are more ma^esian than the olivines 
of the normal Deccan Trap basalts, the pyroxenes richer in lime and poorer in iron, 
and the felspars more calcic, suggests that this has not been the immediate mode of 
origin. 

A second possibility is that long prior to the time of the Deccan Trap eruption 
the original basedt had already undergone differentiation locally by the sinking of early 
formed crystals, and that the magmas then froze. Later, when remelting took place 
magmas of varied composition would be available, and the early formed crystals in the 
ultrabasio portions would be magnesian olivines, diopsidio pyroxenes and calcic plagi- 
oclases. 

A third possibility is that the parental magma of the Decoan Traps was more basic 
than the common Decoan Trap basalt, and that the early formed olivines, pyroxenes^ 
and perhaps felspars, of basic composition, had already sunk prior to the extrusion 
of the Deccan Trap basalts, and that it was only in certain areas on the west side of 
India that the magma containing the sunken crys^ls was also extruded. On this hy¬ 
pothesis the parental magma may have had the^ composition of the ‘olivine- basalt’ 
t 37 p 0 of Kennedy, giving rise on differentiation to the ‘tholeiitio’ magma type 
(the normal Deccain Trap basalt) plus the ultrabasio rocks. 

The second hypothesis seems likely to be nearest the truth. 
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2 , Petro-C!hemistry and petrogenesis of the outliers of Deccan Trap of 
the Godavari District. 

E. VsiTKAyYA, Waltair (Communicated by C. Mahadevan) 

The Deccan Traps of Pangidi and ICateru were studied both in the field and in the 
laboratory. The geological formations mapped include the Tripati sandstones, Infra- 
trappeans, Deccan Traps with one .inter-trappean limestone band, and Tertiary sand¬ 
stones with the Godavari alluvium. Attention is drawn to tho conflicting nature of 
the evidence advanced by the earlier works on the age of the Infra-trappoans. Two 
distinct flows have been identified while tho presence of a third flow is surmised. Tho 
traps consist of basic labradorite, pigeonite, and iron ores with subordinate amounts 
of glass and are similar in compositiom to those of the Central Provinces and other pla¬ 
teau basalts. Niggli diagrams of the analyses show a oalo-alkaline trend of differen¬ 
tiation* It is deduced that tho traps are derived from a picritic magma which explains 
the high content of iron, and titanium and their high super heat and fluidity. The 
author concludes that this outlier separated by a distance of 250 miles from the nearest 
present margin of the main traps was a centre of independent eruptivity in the lower 
trappean period. 


3 * 


A note on the Lingadhalli traps from Ohikmagalur 
State. 

C, 8. PiOHAivaiTHtT, Bangalore. 


District, Mysore 


A large area in the Ohikmagalur District to the east of the Bababudan Hills is com¬ 
posed of basic rocks which have been described by earlier workers under various nam^s— 
such as traps, hornblendic lava, h(¥^nbload0 schist etc. In papers prasonted to this 
section of the Indian Science Congress ( 1932 , 1933 ) and published in tho Quarfcorly 
Journal of the Geological, Mining and Metallurgical Society of India ( 1932 , 1935 ), the 

r s and patches occurring in these rocks ware describad in detail by tho writer, and 
conclusion was arrived at that they ware metamorphosed amygdalos, in some of 
which plogioclase feldspars were developed. 

This paper gives the petrographioal and chemical characters of thosa rocks, and 
the relation they bear to some of the well known traps occurring in India as well as in 
other parts of the world. 


4 * Olivine Norite dyke, Coonoor, Nilgiris* 

T. N. Muthttswami, Madras. 

The paper gives a full description of the olivine norite dyke—Ooonoor-'N'ilgiris, 
described by Sir Thomas Holland in tho Records, Geological survey of India, Vol. XX 3 C, 
1897 . The plagioolase is oomputad to ba AbejAuio from the universal stage moasure- 
metats d-f the Albite-Oarlsbad complex typa of twinning. Tho rhombic pyroxene is 
Sdetaibifled to be ensfcatite with mixtures of hypersbheno and the inclined oxinction noted 
is determined to be with reference to a pyramidal cleavage. 

The Uipnoclinic p;J?T0xene is considered to bo a forro-augito from its 2 V readings 
and not pigeonite. The mineral shows diopsidic lamellae. The olivine is characborised 
by a smoky brown colour with excellent reaction borders. Tho chomioal analysis is 
given. O.I.P.W. norm, the Niggli values and the Kata norm have been worked 
out and the rook is referred to the normal gabbro theralito magma type of Niggli. 

5 . The Chamockites of Kondapalle (Kjstna District). 

B. E. Chelxjva Iyengar, Bangalore. 

Detailed field and petrographic study of the Charnookite series of Kondapalle reveal 
the development of aU the four, the acid, intermediate, basic and ultrabasic types in 
Kondapalle. They are, however, best developed at Ibrahimpatnam, three miles due 
south of Kondapalle. Two types of hypersthene, differing in pleoohroism, (i) x=clear 
pink, y=yellow, z=bottle green and (ii) x=pink, y=brown, z=sgreen, have been sepa¬ 
rated and chemically analysed and the peculiar pleoohroism of the second type is found 
to be due to the low iron content. As regards the origin of tho Charnookites of Konda¬ 
palle the detailed petrography, the complete chemical analysos of repraseritative rook 
typ^ and a detailed heavy mineiral analysis, point towards an igneous origin, later 
subjected to plutonio metamorphism. 
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6 * Geology and petrology of Pachipenta Zamindari, Vizagapatam District, 

Madras. 

G. Gopalakrishitasastrt, Waltair. {Communicated by C. Maiiadevan) 

The author carried out a detailed study of the geological formations exposed in. the 
Pachipenta Zamindari in Vizagapatam District. A geological map of the area was 
prepared and the sequence of the various members of the Khondalite series—^the country 
rooks in the area—^was established. An optically positive cordierite has been subjected 
to chemical analysis and the anomalous positive nature is attributed to the low Feo- 
content. Three members of the Khondalite series have been chemically studied. The 
most extensive rock type, the biotite-gneiss, is considered to be the metamorphosed 
representative of an argillaceous sandstone. The parent rock of the garnetiferous 
gneiss is concluded to be an argillaceous sediment slightly poor in alumina, A dolomitio 
sandstone is supposed to have given rise, on metamorphism, to the diopside-quartzite. 
Evidences have been given to show that the metamorphism that gave rise to the Khonda- 
litos is thermal, Chemical analysis of an augite-norite, representing the Oharnockites 
in the area, has been carried out. Based on petrochemical studies, textural features 
and field relationships, the Oharnockites are concluded to be of igneous origin and 
intrusive into the Khondalites. The occurrences of some associated economic minerals 
like mica, graphite and crystalline limestone hhve also been studied. 

7 . Geology and petrology of the Kailasa Hill-range. 

Oh. Naeasimharao, Waltair. (Communicated by C, Mahadevan) 

The rock formations of the Kailasa hill-range and environs in the vicinity of Waltair 
were studied in detail, in the field and in the laboratory. The physiographic features 
of these are portrayed elaborately. Vast expanses of the country to the north and 
the south are covered by red loamy soils and blown sands. The metamorphio rool«, 
viz., the Khondalites which are sillimanite-garnet-graphite-felspar-quartz-gneisses form 
the country rock. Oharnockites, acidic, as well as basic occur as sills, and bear intrusive 
relationship towards the para-gneisses. Analytical and field data reveal that KhondaliteSv 
are highly metamorphosed arenaceous sediments with "argillaceous, carbonaceous and 
ferruginous impurities. It is suggested that granites are formed due to felspathisation 
and recrystallisation of Khondalites consequent upon the intrusion of Charanockites. 
Leptynites are supposed to be the products of reciystallisation of Khondalites in the 
vicinity of Oharnockites. Economically the area is not of great importance. Except 
for building stones and graphite, occurring in a few lenses and pockets in the proximity 
of pegmatites there are no other valuable mineral deposits, 

8 . Khondalite-Charnookite association in Palamau District, Bihar. 

K. P. Rode, Dalmianagar. 

The author while studying the geology of the region immediately to the south 
and south-east of Daltonganj, came across a number of rock types which show unmista¬ 
kable affinities with the Khondalite series of the Eastern G-hats. These include graphite 
schists with or without garnet, sillimanite, cordierite, bxotite, and oaloitic and dolomitio 
marbles, calo-silioate rooks, magnetite bodies, quartzites and leptynitos* 

These are found associated with basic dykes and granodiorites and granites 
showing variable development of hypersthene. The mineral and textural peculiarities 
strongly suggest their resemblance to the Charnookite series. 

All the above rook types are further traversed by voiias and dykes of pegmatites 
and aplites. 

The field relations as well as microscopic studies have shown that Khondalite- 
Charnockite association is only incidental and that the former has not played any signi¬ 
ficant part in the formation of the latter as visualized by Ghosh and others, though 
a few oases have been found where the Khondalitio gneisses have hypersthone as. one 
of their occasional constituents. 

9 . A note on the Epidiorite Sill of Ramgarh Area, District Naini Tal, U^P, 

I. 0 . Pande, Benares. 

In this paper the discovery of a sill of epidiorite (as per definition of von Gumbel) 
m, the Bamgarh area ( 29 ° 26 ': 79 '’ 4 r) iU thO yeai? 1940 emd on sub^quent mapping 
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in 1943, 1944, and 1945 of the adjoining areas and the important results of regional 
metamorphism as revealed by the internal constituents of the sill rock aro recorded. 

The sill is very well exposed on the road cutting at 18 J miles on the Kamrgh 
Nathuakhan road, and at the 9bh milestone on Bhim Tal-Muktoswar road, near Buraiisi. 
The sill is 60—80 ft thick and more than 8 miles long. It runs in a N.N.W.-S.B.E. 
direction. ^ 

The microscopic examination of these rocks shows tliat there have boon oxtoiiHivo 
mineralogioal changes accojiipanied by structural deformations during uralitisation, 
saussuritisation, biotitisatioii and ehloritisation. 

The rocks that compose the sill aro :— 

1 . augite-clinozoisito-plagioclaso-amphibolito No. 1/81) ; 

2 . chlorite-biotite-olinozoisito-albite-amphibolito (Sp. No. 1/72) ; 

3. calc-biotite-chlorite-epidote-albite-hornblondo-schistoso-gneiss (Sp. No. 

1/34 & T/lOO) ; 

4. biotite-chlotite-albite-elinozoisite-schistose-gnoiss (Sp. No. M/18) ; 

6 . biotite-chlorite-clinozoisite-hornblondo-schist (Sp. No. 1/85 & T/lOl) ; 

6 . quartz-diorite (Sp. No. 1/71) which is found at the contact of the sill with 
the quartz-porphyries of the area. 

An endeavour has been made to traco the retrogressive changes that took place 
in the sill after the consolidation of the basic magma. The effect of later intrusion on 
the quartz-porphyries is the formation of quartz-diorito. 

It is interesting to note that a complete transition, from sub-blastophitic amphi¬ 
bolite (Sp. No. 1/81J) through the massive amphibolite (Sp. No. 1/72) and schistose- 
gneiss (Sp. Nos. 1/34, T/lOO and M/18) to the schist (Sp. Nos. 1/85 and T/101) is ex¬ 
hibited by this small sill. 

The area has been subjected to intense folding and imbrication. Tho low angle 
fault, that runs from Malwa Tal, passing through 7191 ft. Kulothi peak, tho 7th. mile¬ 
stone on Ramgarh-Ratighat road, the 33rd. mile-stone on tho Almora cart road near 
Garampani and then extending to Majhera, is a tlirust fault, named Raingarh thrust 
by the writer. 

(The numbers relate to specimens in the author’s collection). 


10 * Xenoliths of Schorl-rock in Granites of Sini, Singhblmm, Dist. Bihar. 

R. 0 . SiNHA, Benares, 

the paper deals with the origin and detailed microscopic and chemical sttidy of tho 
fechorl inclusions in the granites occurring at a distance of half a mile on tho south 
of Sini Railway Station^ and the age and origin of tho parent rook. 

The field work was done during the summer months of 1947 and an aroa of 24 sq. 
ttiiles surrounding Sini was mapped on a scale of l"=!l mile. 

The peculiarity fotmd in tho granites is that they contain xonoliths of schorl 
Varying in size from a fraction of an inch to 9 or 10 inches in diameter. Those inolu- 
Bions are found to be more frequent and larger in sizo near tho doleritic dykes which tra. 
verse these granites. The contact rock contains quartz, felspars (mostly mioroporthito)o 
schorl, ilmenite, titanite, biotite, apatite and titaniferous magnetite. Tho most inter, 
estiiLg feature found in these rocks is the frequent occurrence of zonal arrangomout o- 
minerals with ilmenite or titaniferous magnetite at tho core, surrounded by titanitf 
then apatite and lastly biotite at the extreme periphery. 


IL Hybrid-gneisses in Bundelkhand granite, Mahoba, Hamirpur District, 
United Provinces. 

R. C. Misea, Lucknow. 


Besides large exposures of simple granites of various varieties, epidotised granites, 
and g^isses have been observed in the area. The gneisses for various reasons, based 
on field relati(^hip, optical and chemical characters appear to be of the composite 
type. All ^adatmi^ from granite-gneiss with a few unassimilated black patches to 
banaea gneiss detmitely of hybrid nature are seen. 


band^ gneisses owe their origin to the granitisation. of rocks which may be 
homblOTde-biotite-Mhists, though the unattacked host rook has not boon so far seen 
in the field. On this accoimt the Bundelkhand granites are assumed to bo intrusive 
into the pre-existing older rocks. 
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12 . Age of the Saline Series in the Salt Range of the Punjab. 

A. K. Ghosh, J, Sen, and A. Bose, Calcutta. 

The age of the Punjab Saline Series is still a vexed problem in Indian. Geology. 
E. R. Gee to whom we are indebted for much of our geological knowledge of this area 
has assigned ‘Cambrian’ or ‘pre-Cambrian’ ago to the series. B. Sahni, on the other 
hand, from the evidence of microfossils e.g., woods of conifers, cuticles of grasses, 
angiospermous wood elements etc., and their repeated occurrence at widely different 
localities has assigned an Eocene or later age to the Saline Series. The latter according 
to some geologists is irreconcilable with the field evidence, and they were unable to offer 
any explanation for the presence of microfossils, stated above. 

In view of this greatinterest in the subject, the authors obtained from Dr. Gee, 
for analysis, the following rock samples belonging to the Punjab Saline Series and from 
strata overlying and underlying the series : 

(a) Vindhyans —G. 1. (Bijaigarh shales); G. 3-5 (Bituminous dolomite from bore 
holes at Nagpur, Jodhpur state, Rajputana). 

(b) Punjab Saline Series —57/264; 57/267 ; 57/270-71 ; 57/280 from the upper 
and lower gypsum stages at Dandot, Makrach, Khewra and Waroha. 

(o) Purple Sandstone —from North of Chenki, Jabbi, Salt Range. 

(d) Neobohis shales —k33/591 (b & d) from Kusal forb. 

(e) Magnesian Sandstone —6292 from eastern part of Salt Range. 

(f) Salt Pseudomorph beds — 5112S5 (sandstone) and G. 2 (dolomite) from Chibtidil; 
4977 from Ratucha, Jhelum district. 

Of these, samples bearing Nos. G. 1., G. 3-5, and 57/271, yielded no microfossils, 
following the maceration technique and usual sectioning. Every precaution was 
taken to prevent any contamination. 

The microfossils recovered from (b) confirm the findings of Sahni and his collabo 
rators. But the real interest in our work is the recovery of (i) few multiseriate bordered 
pits and a cuticle, probably of gymnospermous affinity from (o) but not recorded by Hsii 
(See Proc : Nat Acad : So : B. 16(2—4), 92, 1946); (ii) numerous pieces of wood often 
with uni—^to multiseriate bordered pits and a round pitted spore with triradiate soar 
from (d); uni—^to multiseriate bordered pits on carbonized pieces of wood from (e) ; 
and wood elements, cuticles and spores of pteridophytic, gymnospermous, and 
angiospermous affinity from (f) but not confirmed by Lakhanpal and Bhardwaj, in 
Uteris (Sahni). 

Further work is in progress with samples obtained from Prof. Sahni and others. 
The microfossils recovered so far are few in number in proportion to the largo number 
of preparations examined. From the data in hand i.e., the occurrence of microfossils 
in beds overlying the Saline Series and of undisputed age (stated above), it is imperative 
that further extensive work be carried out, for confirmation of the conclusion drawn 
by Sahni on the age of the series in question. 

13 . Some Zoo-geographioal features of the Mirzapur Vindhyas as evidenced 
by the distribution of fishes. 

SxJNDAR Lal Hoba, Benares. 

Two collections of fishes made in the Mirzapur District, U.P., by the Zoological 
Survey of India are listed and zoo-geographical notes are given regarding the present- 
day distribution of GlyptBoroax Jioj'ai, G.annandalei, Tor he,udree, Laheo bolgui^ Gavra 
mullya and Puntius ampMbius, The distribution;of these fishes supports the hypothesis 
advanced by the writer several years ago that the Satpuras up to fairly recent times 
must have formed a continuous high range of mountains connecting the Assam Himalaya 
on the one hand and the Western Ghats on the other. The fishes listed above • represent 
remnants of five waves of migration which became locked up in the northernmost spurs 
of these mountains. These waves of migration probably occurred in comparatively 
recent times and at that period the Ganges and the Son were non-existent in their pre¬ 
sent form. 

14 , A new Inter-trappean Oharophyte. 

Sripad Rao Kilpady, Nagpur.^ 

The Charophyta reported from the Inter-trappeans of Hyderabad hitherto, have 
proved to be very similar to the forms described in recent years from the Nagpur and 
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Bajahintindry area's. This paper describes an Inter-trappoan charophyto from tlie 
Gurumutkal area, Yadgir tOblu(i, Giilbnrga district wliioli is 'vory different and distinct 
from those hitherto described from India. 

The ‘fruit’ (oogonium) is vory small, slightly vasiform in sha}>0 with a rather f lat 
apex and obtusely tapering base. The length is ()70 a and breadth 450 n and the width 
of the cells at the equator is about 70 m. The ecjuatorial angle is 20'^. The mnnb^r 
of whorls is 10 and the cells aro concave on account of incomplete cale.ifu’.ation. This 
form is apparently different from those hitherto described from tho Hajaliinundry and 
Nagpur Inter-trappoans. 


15 . Tossiliferous limestone from near Bliagwi, Jind State, Punjab, 

N. N. Chatterjee, Calcutta. * 

The paper gives an account of a fossiliferous limestone bed occurring near tho village 
Bhagwi (28°37’ : 76°22') in Jind State, Punjab. Tho limostono is supplied to tho jpatlri 
Factory (28°36': 7(3° 16') for tho manufacture of Portland Cement, The specimens 
were collected by the author with the kind permission of tho Cement Company. Tho 
limestone bed occurs at a depth of 2 or 3 feet below tho soil. Tho colour of the limostono 
is niiUc white to dirty white or grey and is sometimes slightly buff. The limostono 
does not seem to be vory compact or hard. Tho quality of tho limostono is quite good 
having the following composition : 

Insolubles .2-5% 

^0,0, .1-5% 

ALOa . . . . •.0-3% 

CaO .51 * 6 % 

MgO.• . 1-3% 

The limostono is highly fos-jilifcrous and is full of gastropod shelh. Tho gi^itro- 
pods on examination appear to havo modorn form and fi*osh wator habits. A pre¬ 
liminary examination of tho fossils shows tho prosonco of the following gennra ; Disso- 
stoma; Vivipara; Diastoma; Gibbula ; Planorbis ; Lopbothyra ; Radix ; and Lymnaoa. 

The fresh water habit and the modern form of the fossils point to tho oxisbonoo 
of fresh water basins in which the several families of gastropod flourishod and tho 
bed of limestone was formed out of these animal remains. The ago of the bod appears 
to be sub-recent. The author acknowledges the help received from Mr. P.N.Mukorji 
of the Geological Survey of India in the matter of fossil identification. 

16. Oa the Nature and Probable Age of the Bor Hill Voloanics. 

M. R, Sahni, Calcutta. 

Blanford recorded trap representing tho Deccan Trap formation, from two dis¬ 
tinct horizons in tho Bor Hill in tho Laki Range in Sind, viz, ( 1 ) Tho Upper trap, being 
an amygdular flow resting on tho Olivo shalos {CardUa byjbwwmtl horizon which is gener¬ 
ally accepted as of Danian ago, although doubts have boon exprossod by others in this 
respect and a somewhat younger age ascribed to tho horizon), ( 2 ) the lower fairly thick 
bed of trap which occurs in tho sandstone underlying tho Gardita hcautnonti horizon. 
The sandstone is unfossiliferous, but owing to its lithological rosomblanco to tho Pab 
sandstone of Beluchisban, and its stratigraphical position below tho Gardita heawmonti 
horizon, it is generally assigned to the Cretaceous. On account of tho non-amygda- 
loidal character, tho trap may be regarded as possibly of intrusive origin and labor than 
the sandstone. The author has however traced at different horizons in these sandstones 
in the Bor and the adjoining Barrah hill several outcrops of an amygdular trap which 
he regards as contemporaneous flows intorboddod with tlxe sandstone. The fact is 
significant in fixing tho lower limit of tho ago of the traps. 

In the present state of knowledge the uppermost flow, viz., that overlying the 
Gardita beaumonti horizon is assigned to the post-Danian while the lower flows in the 
underlying sandstone to the Cretaceous age, although it must bo admitted that the age 
of the sandstone has been deduced only from indirect evidence. Should however the 
CardUa heawnonti beds ultimately prove to bo younger than Danian and an examination 
of mierofossils and hea^;y minerals fail to confirm a Cretaceous age for the underlying 
sandstone, the possibilities should nob be ruled out of the whole sequence b 3 ing of 
Lower Tertiary age. 
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17 . The Correlation of the Bijawars and G'W'aliors mth DeUiis based upon 
the study of Igneous activity at Bayana in Bharatpur State. 

V. S. Dcjbey and B. D. Patbtak, Benares. 

Recently the writers while carrying out the geological survey of the Bharatpur 
State studied the basic lavas occurring in the Alwar Series near Bayana in the Delhi 
System. The character of these lavas and the degree of the motamorphism, and the 
nature of the associated rook clearly resemble those of the basic lavas occurring near 
Ranthembhor which is about fifty miles from this area . The lavas of Ranthembhor 
are clearly known to belong to the Gwalior Series and are exactly similar to those found 
near Gwalior town. From this correlation it is clear that the lavas of the Delhis and 
the Gwaliors aro of the same ago. This clearly strengthens the view that the Delhis 
and the Bijawars are of the same age, and that the Delhis of Bayana consisting of quart¬ 
zites may be contemporaneous with the Par quartzites of the Gwalior and other quart¬ 
zites of the Bijawar series, 

18 , A Contribution, to the Stratigraphical Position of the Dharwar Eocks, 
Singhbhum District, Bihar. 


R. C. SiNiiA, Benares. 

The paper deals with the stratigraphical po.3itioii of the Dharwar rocks of Singhbhum 
District (Bihar), The conclusions aro derived mainly from hold observations and 
detailed mapping done by tho writor during tho summer mouths of 194:7, in the area 
surrounding Sini in tliat district. Dunn (Mom. G.S.T., LIV, 1029, p. 11) has discussed 
the order of superposition of tho rooks of Nothorn Singhbhum, but the present writor 
Ts not in full accord with Dunn’s conclusions ospocially in the light of the observations 
made by him on this area. After a detailed discussion of the various views of Dunn 
(op. oit.) and Jones (Roc. G.S.I., LIV pt. 2 p. 207) togathor with tho.se of others, 
the writer gives his own conclusions as regards the stratigraphical position of these rocks 
which is as follows :— 

/ 

Lower Ouddapah Newer Dolerite 

Granites and aplites 
Schists bearing copper lore 
Ultrahasio rocks 

Dharwars Phyllites and chlorite schists 

Kyanite schists and schists bearing 

staurolito crystals together with quartzites and conglo¬ 
merates. 

Mica and hornblende schists (mainly horblende). Base not seen 

Further the view held by several of the previous authors that the Dharwars are 
entirly of igneous origin , the hornblondo and chlorite schists being representatives 
of altered basic igneous rocks and that no transition from phyllites to schists aro found, 
has boon contradicted. Very clear transitions from phyllites to mica schists and thence 
to chlorite schist havo been found and thereby the undoubted sedimentary nature of 
Dharwars, at least in this area has been observed in detail. 

. 19 . The Geology and Stratigraphy of Jhura Hills, Outcli State. 

S. K. Aobawal, Benares. 

The paper gives an account of the geology and stratigraphy of the Jhura Hill, 
N.W. of Bhuj, in the Cuteh State. Detailed mapping of the area on a scale 4:^=rl mile, 
was done in the winter months of 194=6 for the first time under the guidance of Prof. 
Raj Nath. The rocks occur in the form of a dome and hence show radial dips. The 
dip values are high to the north and gentle to the south. The rocks are further affected 
by faults and igneous intrusions in the area. The .rocks consist of shales and various 
types of sandstones belonging to Chari Series and the lowest bed is probably of Patcham 
Series, They have been subdivided into 18 divisions on lithological characters in the 
field and fossil collections were separately made from each* The fossil collection consists 
mostly of ammonites, braehiopods, lamellibranehs, along with gastropods, echinoids, 
corals and fossil plants. The fossils are at present under investigation by the writer. 
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20 . The Geology of sbhe Habo Hills, Catch. 

B. S. TiWABt, Luckaow, 

The paper embodies the results of detailed geological mapping of fcho Habo Hills 
between latitudes 23'’ 20'—-23° 23', and longitudes 09° 47'—09° G(>', during tho months of 
October, Novormbor and Decomber, 1946. A systematic collection of rooks and fossils 
has been made. 

The formations present in tho area belong to tho Chari and Patcjham sorios. The 
writer has made obsrevations regarding the dome structure of tho hills, which is mainly 
due to the large scale igneous intrusions probably connoctod with tho Deccan Trap 
activity. 

The paper describes the lithology and stratigraphy of tho area. The fossil oollootions 
are being examined,. 


21 . 


A contribution to the Geology of the Ramgaiii Area, Nainital District 

(U. P.) 

I. 0 . Pande, Benares. 


A survey of the geology of the Ramgaxh valley (29° 26' : 79° 41') and of adjacent 
areas, revealed interesting facts concerning lithology, stratigraphy and structure, which 
are recorded in this paper. 

Tho Ramgarh valley was mapped on 12"== 1 mile scab in tho summer and aubumn 
months of 1940, summer of 1943, autumn of 1943, summer of 1945 and spring of 1946. 
The part mapped is bounded by latitudes 29° 23' and 29° 30' and longitudes 79° 26' and 
79° 38'. 

The Ramgarh and adjacent hills belong to the Dagar Range of Kumaon and form 
the outer part of Nag Tibba Range of the Lesser Himalayas. Tho geological column 
includes a complex series of quartzites, grit, various schists (quartz-muscovite, musoovito 
chlorite, and hornblende) and sheeny schistose phyllitos (chlorito-soricite, sericite- 
chlorite, and talc). 

The schistose phyllites were intruded by acid rocks (quartz-porphyries) and 
migmatised to gneissose quartz-porphyries. At a lator stage tho quartz-porphyries 
were intruded by an epidiorite sill which has given rise to quartz-diorito noar its 
contact. 

The metamorphic series of the present area has boon corrolatod with tho ‘‘Inner 
Schistose Series ” of tho Himalayas which again on the basis of lithological and strati- 
graphical evidence is here considered to be of Jaunsar ago. The rooks are devoid of fossils 
and hence the age assigned cannot bo regarded as final at tho present stage. 


22 . Asbestos in Nikumbh area, Gwalior State. 

K. V. Keishnamuethy Rao, Gwalior. 

Asbestos , both of the orossfibre and slipfibro types is found two furlongs west of 
Nikumbh (Jagir Village) in the Neemuch Paragana, Mandsaur Dristirot. It Is fourteen 
miles west of Nimbahera Ry. Stn. on the Ajmor-Ratlam section of C.I.Ry. It is 

of the amphibole variety and found in association with quartz at the contact of veins 
of quartz in homblendie trap. Contact effects are clearly visible in qaurtz. Serpenti- 
nisation in trap is abundant. The trap is highly calcareous and is in contact with the 
Aravalli slates and shales in the type area. Similar serpentinisation in trap has also been 
noted a few yards north of Padlia (Gwalior), six miles south of Nikumbh. The trap 
stretches south from Nikumbh for nearly eight miles and is on the average about a mile 
wide. 

The mineral is white and soft. The veins are from 0.2' to two inches in width. 
Pibres have no tensile strength and break. The occurrence may be similar to that of 
Bundi (Coulson, Asbestos Memoir), 

Since the intervening stretches between Nikumbh and Padlia lie in Mewar and Tonk 
States, a full examination of the trappean area could not be done. Since the area 
covered by the traps is by no means negligible, it is suggested that a thorough examina¬ 
tion of the ar^ may be taken up. 
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23 . Bauxite Deposits of Aiuarkantak Plateau, Eewa State, Central India, 

B. S. Tiwabi, Luoknow. 

^ A survey of bauxite deposits of this region was carried out in January 1940 and the 
mam observations obtained in the field and laboratory are summarised in the present 
paper. 

The best ore containing 60-65*^ alumina occurs along the peripliery of the plateau. 

Ores containing loss alumina are scattered at various places all over the plateau, 

The area has been geologically mapped by the author. 

The most economical way of exploiting the ore is suggested in this paper. 

r 4 . The Chromite Deposits of Kohdapalli, (Kistna District). 

B. R. Cheltjva Iyengae, Bangalore. 

The chromite deposits of Konadapalle are situated in an area (16°37': 80°32J')» 
about 10 miles to the N.W. of Bezwada, The geological features of the area comprise, 
the Bezwada gneisses, the granitic gneisses and the Charnockites, and the chromite depo¬ 
sits are restricted to the ultrabasic Charnockites, mainly the pyroxenites (Enstatite- 
hypersthene rock). The occurrence of the ore is chiefly in the form of pockets or lenses 
in disseminated patches and often in regular and perfect bands. Ko olivine has been 
foxmd but the serpentine noticed in certain places is due to the alteration of pyroxene. 
Six complete chemical analyses of reprosontative chromite ores from the area show that 
the value of the CraO., of the ore ranges from 36 to 55 per cent. The detailed field and 
petrographic studies indicate that the chromite of Kondapalle is magmatic in origin, 
the ore crystallising as the first mineral and later joining with the'orthopyroxene, 

25 , X-Ray study of some Indian Coals. 

N. N. Chatterjee and N. N. Gupta, Calcutta, 

The authors have given an account of X-ray photographs(X-radiographs) of th^ follow¬ 
ing samples : (i) Seam No. V, Now Gobindapur colliery, Jharia; {ii) Seam No.V, North 
Bhuggatdih colliery, Jharia ; (Hi) Seam No.IX Dhansar colliery, Jharia; (iv) Seam 
No.X Rajapur colliery, Jharia {v) Seam No.XIII North Damuda colliery, Jhaira 

(vi) Nega seam , Raniganj coalfield all belonging to the banded bituminous typo ; 

(vii) Palana lignite from Bikaner ; (mii) Watching bright coal from upper Assam; 
(i.v) Jammu anthracitic coal from Kashmir, (i) to (v) of Barakar age ; (vi) of Rani- 
ganj age (vii) to {ix) of Eocene age. 

X-rays were allowed to fall on thin slicos(l-1.5 mm thick)of coal cut at right angles to 
the bedding planes. The work was carried out in the Laboratory of the IndianAssociation 
for the Cultivation of Science, Calcutta with kind permission of Prof. K. Banorji and 
tho X-radiographs were taken with the help of Mr. N. N. Gupta. In these experiments 
Hadding- Seighbahn x-ray tube with aluminuim cathode and copper target was used. 

The X-ray photographs show clearly the difference in the amount of absorption 
of X-rays by the vitrain and durain bands. Vitrain or bright band appears transparent 
as it has tho minimum absorption. 

The arrangement and distribution of the mineral matter and its grain size have 
been faithfully brought out in tho photographs of the lower Gondwana bituminous 
coals. The mineral particles are present in those cases mostly in very minute size (less 
than 0.1mm) and they are found to be irregularly distributed. Pew bigger praticles are 
also present, the maximum size -being 0-5-1 mm. The Eocene coal specimens contain 
insignificant amounts of mineral particles showing more or less the purity of the coal 
substance. The ash of the Tertiary (Eocene) coals varies between 0.5-12% and that 
of the Lower Gondwana coals between 10-30%. 

The very minute size of the mineral particles as represented in these photographs 
tends to show that it would be rather impossible to remove those particles of inorganic 
matter by any method of washing unless the coal is ground down to that fineness which 
however does not seem to be a practical proposition. 

26 . Diamondiferous plug in Panna Stats, C.I. 

V, S. Dubby and Sukumar Mbrh, Benares. 

Diamonds are known to occur in Rewa Conglomerates in Panna Stat3 but the exact 
source from which they are derived was not known. Recent work has located a 
diamondiferous plug covering an area of about 2,00,000 sq. ft. The rock is ultrabasic in 
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nature, similar to Kimberlite of S. Africa. It is post-Bijawar and belongs to the Gwalior 
Tran teieous oyole. The Gwalior or Bijawar trap was followed by these ilia-nendiferons 
ultrabisio rook intrusions followed by granite. The diatnond eontont on an average is 
oneearat per four tons of rook which is similar in magnitude to tliat found in the Kinbor- 
lev mines. The diamonds are of quite high quality and arn iipto 40 bo 50 carats in weight. 
The nlutr probably goes very doop, ami at the rate of tour tons por carat, tho diamonds 
in the upper 3000 feet aro about 5 lakh carats in wicglib and Its. 00 oroiys in value. Iho 
deposit £ commercially workable. Potrological, f'oological and sbrab garpliic details about 
the plug have beou given in tho paper and its comm ercial utiliHiii'ion Uan boon diHcusHctl, 

27 , Iron-ore deposits of Mandi State. 

V. S. Dubey and Satish Cjiakdra Gupta, Bciiaros, 


In a paper published in tho Qaarberly Journal of fchD Geological Mining and Moball- 
ureical Society of India in 1930 Dr. S. K. Roy siiggenbod thab thoro are big dopo.gits of 
iron ore in Mandi State. The writers realise the possibility of tho dovolopmont of tho 
iron and steel industry from the ore deposits by tho elootr<>*sinulting process, now so 
well practised in Norway and Sweden, as cheap Hydro-oleotrio power is available 
at Jogindernagar, Mandi State and more power can bo dovolopod at cheap rates. 

The possibility of this development, so much noodod in tho northern zone of India, 
induced the writers to take up the investigations of bho raw materials and power re¬ 
sources as well as tho question of cost. 

The availability of iron ores, charcoal and limestone has boon considorod and the 
possibility of generating hydel energy has also boen investigated. As a result of this 
investigation the writers are satisfied about the cost of raw materials and tho power, 
but the results of their investigations to date do not confirm Roy’s estimate of the 
quantity of iron ore. 

According to the writers’ estimates, the ore exposed at tho surface is of the order 
of 100,000 tons and it is only by magnetic surveying and drilling that one would be 
able to state whether or not largo quantities of the ore' such as aro visualised by Roy 
are present underground. 

Further they are unable to confirm Roy’s observations that (1) tho oro-body extends 
to a great distance in the N-W. direction along the Charayan dhar, and (2) the Oiiaryan 
dhar deposit extends up to Sandalwara area. 

The above remarks are based on about two months’ field-work which is however 
being continued to examine further evidence, if any, of tho possiblity of tho occurrence 
of an extensive deposit of iron ore. Should a sufiieient quantity of ore exist, it would 
be possible to develop a steel plant of 100-ton capacity in tho area. 

28 . Suitability of limestones for making Pig and cement from Indian Iron 
Ores. 

R. Ghosh and R, K. Dutta Roy, Calcutta. 

Indian iron ores are exceptionally pure and as such permit tho use of inferior grades 
of limestone than hitherto practised in.spito of tho fact that Indian cokes aro invariably 
rich in ash-content. The slag, a bye-product in tho iron industry, produced 
by the use of such inferior quality of limestone will bo available for tho manufacture 
of cement, 

29 , On the origin of laterites from Deccan Traps of Vikarabad area, 
Hyderabad State, 

G. Venhateswaea rao, Waltair, (Commmnicated by 0. Mahadevan) 

Laterites which cap the Deccan Traps ‘in situ’ in Vikarabad area in Hyderabad 
State are slightly more siliceous than those in other areas. Lateritisation is effected 
through the zones of kaolinised trap, lithomarge and variagated clayey layer. The 
silicates in the parent rock are acted upon by carbonated waters during the wet season 
converting them into carbonates which are oxidised later on to oxides. These aro con¬ 
centrated during the dry season when, due to capiUarity, an electrokinetio charge is 
developed in the colloidal state of decomposed materials. The migration of the elee- 
trieaUy charged particles and their concentration depend upon the sign of the electricity 
produced and the valency of the radical. Further alumina is at its maximum as is seen 
ffom analytical data just above the zone of lithomarge and at the bottom of the variaga¬ 
ted clayey layer. This acts as a semi-permeable membrane which allows only selected 
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colloid parfcielo .3 upwards. A phenomenon of cafcaphorosis occurs producing chemical 
separation. The concentration is aided by tho nature and behavior of ‘sols’ which are 
the immediate products of decomposition. The ‘sols’ of higher valency elements are 
converted permanently to ‘gels’ in the presence of an electrolyte which settle down but 
those of lower valency are reconverted to ‘sols’. 

30 . Common Salt deposits of Bharatpiir State. 

V. S. Dubey and B. D, Pathak, Benares. • 

More than a century ago salt was manufactured extensively in Bliaratpur State. 
The production was quite large. This was stopped when salt became government 
monopoly. There are a large number of big wells which contain highly saline water. 
This water was evaporated in the sim to get salt. A detailed study shows that there 
is a belt which contains highly saline underground water in the Bliaratpur State, the 
salinity not being coniined to the surface but being connected with underground 
geological factors. The view of the writers is that there is a saline belt in this area 
similar to Sambhar area. Large amount of salt solution can be obtained which on eva¬ 
poration will yield good salt. A pumping of twenty-five thousand gallons per hour 
which is quite practicable will produce about 25000 to 30000 tons of salt per annum 
Hence the capacity from this source can easily be about 30,000 tons in a year. It can 
become important due to the passing of the well-known Khewra deposits of the Salt 
Range to Pakistan, 


31. Some Economic Minerals from Dewarkhand and neighbouring area 
(Chota Nagpur). 

R. S. Mitiial, Benares. 

The paper deals with the economic aspects of some minerals collected from Dewar* 
khand and neighbouring'areas of the Ohota Nagpur Raj. 

Tho coal in particular and limestone deposits worked at Ray, Karkata etc., have 
previously been referred to by A. Jewett (Mem. G.SJ. LII Part I—1925). The other 
economic minerals and rocks recorded by the present author for the first time are ;— 

1. Mica at Chama (23‘=’36': 85^') 

2. Felspar at Aktan (23®37'; 85^7') Ichapeeri (23°37': 85°14') Arid (23°37': 85°10') 

3. Quartz at Hoyer, Aktan, Ichapeeri and Sarle 

4. China Clay at Sarle (23°28': 85°6') Babhne (23°39': 85^5') 

5. Fire Clay at Ray. (23°46': 85°4') 

6 . Qj^artzite at Mankitand (23®39'; 85°!'), Hoyer and on the way from Babhne 

to village Sarle. 

The mode of occurrence, extent, tho economic utility etc. of the newly recorded 
minerals are discussed in this paper. These minerals are of good quality. They are 
economically workable as they occur in considerable quantities and in fairly easily ac¬ 
cessible localities. 


Mica, quartz, felspar, china clay and 'fire clay are suitable for usual purposes an(^ 
the quartzites can easily bo used for the manufacture of glass. 

32 . The Peridotite rocks of Manpur, Dhalbhum Subdivision of the^ihgbhum 
District and the Origin of the associated Asbestos Dej)osjt^ 

8 . C. Chatterjee, Patna. 

The peridotite «)cks form irregular dkos and inclined intruded into the Sing 

bhum Granite and tho phyllites and schists of tho Iron-ore Series. They consist of 


hypersthene with clear pleochroism from pink to green, olivine with its alteration pro¬ 
ducts, and magnetite which is both secondary <j,nd primary. The paper gives detailed 
petrographioal description of the different types of rocks and their constituent mineral ^ 
The granite rocks are more basic in this area than the typical Singbhum Granite 
altered into chlorite-bearing schists. 

The asbestos veins consist of unusually long fibres of ohrysotile andderived 
from the olivine. Field and^;BSicroscopic evidence indicates that i'ho g#^;^pentinisation 
of the ultrabasic rocks was not due to the influence of hydrotherm^^ solutions from 
younger acid intrusives, but an auto-motamorpliio phenomenons^ to the action of 
late-stage hypothei’mal j,(^uj)ions (hypohydrous of Hess), ^<'^6 transformation of 
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serpentine to veins of chrysotile is discussed and field and microscopic evidence is 
brought forward to show that the deposit can bo best explained by following the 
replacement theory of Bateman, 

33 . Microscopic characters of some Copper-bearing, Metamorpliic Rocks 
from the Khetri Mine area, Rajputana. 

S. Deb, Calcutta. 

Metamorpliic rocks from this region containing traces of copper minerals have 
been examined under the microscope in thin sections and in polished sections. Carbo¬ 
nate minerals are usually found to occur in the secondary onriohmont zono as super¬ 
ficial incrustation on most of these memtamorphic rocks. Sulphide minerals arc found 
to be in a highly disseminated condition and occur only in ampliiboiites and garnetx- 
ferous quartzites. The degree of metamorphism as noticed under the microscope is 
less intense than in the older rocks of the Aravalli Archaeans. The rocks are mostly 
chloritic quartzite with magnetite, garnetiferous hornblende-schist, amphibolites, 
tremolite-ohloritic-quartz-schists, impure felspathic quartzite, and actinolite-tromolito 
schists. 

The rocks belong to the Alwar or Ajabgarh Series of tho* Delhi System which 
occur in this part of Rajputana. 

34 . Fossil tortoise shell from Worli Hill, Bombay, 

P. N. Mxjkerjbe, Calcutta. 

Tho fossil specimen was sent to the Palaeontologist, Geological Survey of India 
for identification and determination of the geological horizon by Dr. S. L. Hora, l^iroctor, 
Zoological Survey of India. The specimen was collected by Mr. R. N. Sukheswala of 
Bombay. This fossil specimen was already recorded in the abstracts of tho Indian 
Scienco Congress for 1946, p.97, as Teshido Leithii. The specific name should b? Hyd/ra- 
spis Leiihii Gray. 

The fossil species is very closely related, if not identical with Bydraapis Leithii Grey 
{Testvdo Leiihii Carter). Several fossils of this species have already been recorded from 
the hesh water formation of the Bombay Island. The characters of carapace and head 
suggest that the genus is allied to the existing South American genus Hydraspis. 
JHydretspis LeOhii Grey should not be confused with Testudo LeMhii Gunthor, a true land 
tortoise closely related to T. marginata of Europe. 

Microscope slides, of tho rock in which the fossil is embedded, show volcanic tuff 
material of the Deccan Trap indicating a Lower Tertiary ago of the animal. 

35 . On some sub-fossils of the Pulicot Lake, Madi*as Presidency, South India. 

S. S. Sabkab, RAiigoon. 

In 1869, William King of the Geological Survey of India collocbod some fossil spooi- 
mens from the Pulicot Lake (18°is!5'-13*^46': 80“-80'U7') about 32 miles N, of Madras 
the east coast. 

With the kind permission of the Director, Geological Survey of India, tho specimens 
were exai^^ed and the following arc the identifications ;— 

Mactra, Cardita, Crassina, Astarto, Tapes, Ostroa, Dosinia, Diplodonia, Venus 
(Omphaloelaihxum cf. puerpera Linn.), Macrocallista of. Casta Lam., Macrocallista (?) 
Castanea, Batitssa cf. crawfurdi (Noet.) Ama pilula (Reeve), Trachycardium cf. 
Sindiense (Vred.) Indonaia glyptica (Prasliad), Plaouna placenta Lam., Dissostoma, 
Terebralia suhlignitariijcn (Vred.) 

The nature of deposition isi^a mixed one showing mostly marine^ with others indi¬ 
cating fresh-water, estuarine or t'ei:;restrial habitat. 

The general faunal assemblage silggests a Pleistocene ago. 

. Mechanical Analysis of some Gonid^mna sandstones (South West corner 
^^^f Raniganj Coalfield). 

,SAiTBiisri^®'^^™ SJEn Sunil Kumab lEtAYCRAtJDHtJBi, Calcutta. 

Sandstones Raniganj, Pancliot and Supra-Ffmohot stages, oolleotod from 

,cBisram jfwr section Panchet hill, and tho Maclikorida jhor section and Gorangi 



153 


Geology and Geography 

Peak -wre subjected to size-grade analysis . The samples were disaggregated carefully 
by keeping them under water which was in some cases slightly acidulated (HCl). After 
pouring off the suspended matter and the finer particles under a mild current, the dried 
samples were passed through I.M.M. sieves 30-200 mesh. The grains passing through 
200 mesh and those decanted and elutriated off were recorded as finer than 200 mesh 
and plotted as of size with mean diam. between 1/16 mm to 0 mm. 

Frequency polygons of 5 samples of Raniganj, 3 of Panchet and one of Supra-Panchet 
sandstones wore prepared. It is seen from them that Raniganj samples are decidedly 
fiiner grained and one specimen 48a is a shaly sandstone while specimen 38a is calcareous. 
Three samples show maximum sorting with decided concentration at two size limits*0 
to 0 *085 and 0*16 to 0 *18 mms, the other grades are either totally absent, or if present, 
not exceeding 5% of the total bulk. The three samples of Panchet sandstones show 
the maximum peaking at the coarser grade 0 *42 to 0 *50 mms All of them 
present four such peaks at 0 to 0 *12, 0 *16 to 0 *18, 0 *25 to 0 *32, 0 *42 to 0 *50 mms. 
The specimen from Supra Pancliel also shows fouj: peaks at the identical size grades 
ar.d the peaks are more or lcs=? equal. The following tables on Udden scale brings out 
these characteristics clearly, but the nature of sorting and the tendency in charge of 
the variable® come out significantly in the Frequ'^ncy polygons. 


Grades in mni. 

48a 

38a 

46a 

45e 

iSg 

53 

i to Jmm 

00 *00 

00*15 

01 *42 

21 *82 

63*12 

49*94 

|r to J mm 

16 *73 

07 *43 

17*39 

38*57 

14*58 

18*99 

J tol/lC mm 

37 -33 

30 *67 

62*74 

16*76 

11*15 

15*08 

1/16 to 0 mm 

46*94 

61-85 

28 *46 

21 *84 

12*15 

! 15*99 

Grades in mm 

39 

55 

7 




1 to ^ mm 

65 *72 

78*67 

38 *23 




J to J mm 

17*73 

16 -22 

32 -10 




J to 1/16 mm 

' 25-66 

00 -00 

16*19 




1/16 to 0 mm 

00 -39 

06 '21 

13 *48 





37 . Petrotcctonic study in the Darjeeling Himalayas. 

S. K. Ray and S. Sun, Calcutta. 

A detailed study of progressive metamorpliism of the argillaceous and associated 
basic and arenaceous series has recently boon completed by the senior author. The 
specimens collected though not oriented have been subjected to minaral fabric analysis. 
Geotectonic interpretation of the fabric cannot be attempted seriously at this stag© ; 
this study is a preliminary to a further detailed and systematic sfcudy- 

The quartz fabric diagram in the oo plane of a specimen from the garnet zone (138) 
shows a scattering of points with little tendency to form prominent maxima. The 
concentration nowhere exceeds 5% and there is an absence of statistically prefered 
orientation. The ac quartz fabric diagram of another specimen from garnet zone (104) 
also lacks in preferred concentration or definite maxima though it shows a double girdling 
one on the be plane and another diagonal which has a tendency to split up into an oc 
girdle. The ac quartz fabric of a specimen from kyanite zone (121) shows a'girdling on 
ac plan© round b which splits up into a diagonal girdle in the ac plane. One maxima 
somewhat prominent (with a maximum concentration of 7*14%) is devoleped betwween 
b and c near the maxima III of Sander’s synoptic diagram. 

The possible implications of the diagrams are that preferred orientation was by 
solid flow or dragging giving essentially moncclinic symmetry. 
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B. Geography 

1. Need for a short term plan for the tract inside the Damodar Elbow. 

S. C. Bose, Calcutta. 

After the destruction of the ombmkinent to tho south and west of the rivor in thw 
tract, in the inundation of 1855, it was abandoned. Tho onibankmont on tho opposite 
side was however sbrengbhonod, raised and dupUcatod after every major flood disastor. 
In short, the rivor was given a free hand inside its elbow. Though it meant an annual 
supply of silt fertilizing these lands, tho maladjustment croatod by tho ono-sided om- 
bankmeiit slowly resulted in tho gradual transformation of a bolt of agricultural land 
into sandy barrens and savannah. Loss of standing crop, cattle, property and oven 
obliteration of villages continued. Even now the destruction is proceeding at a rapid 
rate, especially where the Mohanpur Hana, a new enlarging spill channel is creating 
havoc every year. Thus a quick short term plan is needed to stop further rot. Tho 
Damodar Multipurpose Scheme which is still in tho embryo may tako livo years or 
more to give relief to this piece of stricken land. 

2. The valleys of the beheaded streams Khari, Banka and Bohula iu 
Burdwan District (West Bengal). 

S. C. Bose, Calcutta. 

The Damodar used to flow in the past straight towar<ls tho oast, joining tho rivor 
Hooghly above Calcutta. It has changed its course several tijnos witli disastrous results.- 
Rennell’s map shows it flowing along tho bod of tbo Oh oa Nadi of today. Earlier tho 
Damodar occupied tho beds of the Khari, tho Banka and the Bohula successively. 
They are thus beheaded streams, and their present oatohmont is sovoroly restricted. 
Their diminishing volume is reflected in their tortuous m'iandoring courses. 

The Khari, tho northernmost of those streams, has the biggost catchment. It 
cuts through old alluvial beds deposited by tho Damodar in tho past, and at present 
being dissected and moulded by stream action. Tho Banka is artificially separated 
from the Damodar by the embaiiltraent in between. The Behula is so much emaciated 
that it is difficult to recognise it as a river. Even so, in 1943, it temporarily regained 
its old form, when the Damodar burst its embanlcment at Manikhati and rushed madly 
into it. 

The beheading has caused a general dryness of the land, accentuated by tho 
sandy character of the soil, the raised alluvial blocks and benches being tho worst 
sufferers. Much land has boon encroached upon by dry scrub jungle. Tho Damodar 
canal was built; ip relieve these conditions. Bub uiiforbunafcoly it has boon a partial 
success, the planning and execution of it having boon dono without a proper geographi¬ 
cal analysis. The same tragedy should nob be ropoabod and goographors slioiild play 
their part in the Damodar Valley Corporation to bo oonsfcitutod in tho near fufcuro,. 

Reviving the great Indian desert. 

Maneok B. Pithawalla, Karachi. 

A nows item was recently flashed from Delhi that tho fci^ind-KajpataTiaTlosoi’t was 
spreading northward and eastward and that too at tho rate of half a mile per year. 
The author has tried to answer this in a brief paper dealing with the physiography of 
the Great Indian Desert and suggested some ways of reviving tho region with tho aid 
of the Engineering Science. Travellers through tho desert area, like the late Sir Aurcl 
Stein, have come to the conclusion that tho Indian desert is not a real dasertf but there 
have been some natural catastrophios such as hydrographical changes and somo human 
interference with nature in the upper reaches of the Ambala streams, such as tho des¬ 
truction of forests, over-grazing, over-irrigation etc. Tho triple river system of tho 
Ghaggar, Hakra, Wahinda and the Eastern Nara, must have watered, even till late 
historic times, some 7000 square miles of the now barren land in the north and the 
west of the Thar. 

In recent years and after the ooiisbrucfcion of the Sukkur barrage, the Eastern Nara 
has been greatly revived and nearly the whole channel has been converted into a 
first-rate perennial canal with some 10,000 miles of water courses taken from it. Such 
a transformation can also be produced in the old Ghaggar-Sarasvati channel in the north 
of the desert, as there is enough water in the Sutlej to rejuvenate it. Inspite of the 
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new irrigation projects coming into force both in Sind and the Punjab, some 100,000 
c usees of water will still continue to run to waste into the sea. Towards the eastern 
part of the desert, much can also bo done to control the Luni river system with its half 
a dozen powerful tributaries. Thoro are a large number of natural reservoirs called 
^‘hils, whicli can bo prevented from turning into saline lakes with skilful damming 
and river-training work. Thus there is a trmendous scope for undoing what man as 
well as nature have done to incroaso barrenness. 

Tlio Paper is accompanied by maps of the desert specially drawn to illustrate its 
physiography and pliysiographio divisions and deals with various engineering schemes 
for conserving the water in this region and for belying the above news item, 

4. A geographical survey of Keamari and its gradual growth as a satellite 
of Karachi City. 

Maneok B. PiTHAWALLA and Thomas Howell, Karachi. 

In this paper the geographic aspects of Keamari have been examined step by step- 
The various factors which are likely to foster or retard the development have been laid 
bare. Emphasis has been placed on the fact that Keamari reflects the prosperity of 
Karachi as the parent city, with which it is connected by road and rail. 

A detailed accoimt of the living conditions in the area is given, pointing out certain 
defects which could bo remedied, if bettor plamiing is instituted. 

Any industrialisation of the area has been deprecated, as the satellite’s main fun¬ 
ction is to foster the harbour and its trade and as it would add to the existing congestion 
and insanitation. 

6. The new climatic Divisions of Sind. 

Mb. G. S. Raisinghani, Nawabshah, Sind. 

The writer has carried out field surveys, examined the geographical conditions 
and the economic resources of the province of Sind with a view to prepare a detailed 
plan for its economic development. The climate has got profound influence on the soil 
conditions, natural flora, irrigation method and practices, plant growth, crop maturity 
and yield, industries and human settlements. As a first step towards economic planning, 
the author, therefore, prepared a map showing climatic divisions of Sind. 

Pithawalla (1937) divided Sind into three transverse and more or loss parallel cli¬ 
matic divisions viz : I. Upper Sind ('Siro’); 11. Middle Sind (‘Vacholo’) and III. Lower 
Sind (‘Lar’). But the rainfall figures, wind velociies and maximum and minium tem¬ 
peratures reveal that there are four definite and distinct climatic divisions into which 
Sind can and should bo divided. This necessitates and involves not only revising and 
shifting of the old boundaries of Pithawalla’s throe climatic divisions of Sind but justi¬ 
fies splitting up of Pitliawalla’s Vacholo climatic division into two divisions longitudi¬ 
nally viz 1. Eastern Vacholo Division and 2. Western Vacholo Division. 

The paper describes the climatic conditions based upon wind velocities, maximum 
and minimum temperatures and rainfall figiuros of each division. 

The paper is accompanied by m\ps of Sind showing Pithawalla’s and the author’s 
climatic divisions, 

6. A Geographical Analysis of Natural Vegetation of Sind, 

G. S. Raising-hani, Nawabshah, Sind. 

The paper represents a study in plant geography with special reference to the geo¬ 
graphical distribution, classification and migration of natural vegetation, industrial 
as well as other possible economic uses and medicinal properties of the flora of Sind, 

The author, after discussing the principles of Plant Geography based upon the 
responsBS of plants to their environment and tracing the hislory of the study of the 
natural vegetation of Sind from 1847 to 1947, describes Sind’s unique floristio com¬ 
position and the distribution of natural vegetation on the basis of geographical conditions 
prevailing in each physiographic division of Sind. It has been shown that natural 
vegetation being an index of soil conditions, is an aid to soil classification in situ. 

In the light of the author’s new four climatic divisions of Sind, the climatic con¬ 
ditions of each division have been described the scope of wind and water as agen- 
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eiea for the dispersal of seeds and colonisation of flora in various parts of Sind has been 
examined. Tlie influence of wind on the migration of flora from the Thar Desert and 
colonisation in the valley sections has been studied in dotail, A list of such emigrant 
plants has been given and a path of migration has boon mapped out. The (correlation 
between the direction of winds, the drifting of sand and iho translocation of the flora 
has been established. It has further boon shown that the Laki Uango hindorH the pass¬ 
age of wind-borne seeds and thus prevents the colonisation of flora of the oastorn 
parts in the western parts. 

The general xorophytic characteristics of natural vegetation of sind have been 
described and affinities between geographical condition and the flora of 8ind, Arabia^ 
Egypt, Nubia, the Punjab, Afghanistan and the rest of India have boon pointed out. 
Whereas the Lloyd Barrage in Sind and the enormous water witbdi'awals from the 
river Indus in the Punjab have had deleterious offoots on the forest vegetation, the 
other natural vegetation has become richer since the functioning of the Lldycl Barrage. 
With the advent of perennial irrigation, ^JKar (Cyprus rotandus), ‘Pan' (Typha eflepha- 
ntina), ‘Sar' (Saohharum spontanium) and ‘Dlmturo' (Datura stramonium and D. fas- 
tuosa) have sprung up in such large numbers that owing to their rapid and persistent 
growth in the valley sections, they are a serious menace to irrigation and agriculture. 

As Pithawalla’s 6 Vegetation Belts of Sind (1937) do not include the character¬ 
istic Halophytic, Aquatic, Kalardsoil, Budderal and the Railwaylino Side Vegetation 
Formations, the author has classified the natural vegetation into Formations accor¬ 
ding to the Schimpor’s definition of the terms, viz : 1. Halophytic, 2. Mangrove, 
3. Aquatic. 4. Kalar soil, 5. Sand, 6. Gravel, 7. Rook, 8, Ruderal, 9. PoroHfc, 10. Culti¬ 
vated land and 11. Railwayline Side Vegetation Formations. 

The flora of each Formation is onuinoratod and the ontiro natural vegetation has 
been analysed according to the habitat, the habit of growth and the adaptive charac¬ 
ters. The mechanical and chemical analyses of typical soil profiles supporting difforont 
Vegetation Formations have also been given. 

The paper is accompanied by a number of maps, an exhaustive Bibliography and 
a long list showing industrial or other possible economic uses and medicinal properties 
of the flora of Sind. 

The author’s present investigation is a part of his work of National Planning 
in Sind for which he has received a research grant from the Univorsity of Bombay. 

7, Hydrology of the Upper Ganges Basin. 

D. R. Singh, Meebut and M. B. Bithawalla, Karachi. 

The paper is one of a series of papers on the regional study of the Upper Ganges 
Basin, the physiography, climatology, otc., of which wore dealt with in tho Sossicins 
of 1943,1944 and 1947. 

It deals with the Ganges, its two voluminous tributaries, tho Jumna and tho Gogra, 
together with the Ramganga, the Gumti, the Sarda and otlior Bmallor rivers. 

The rivers of the Basin play a very important part in its wealth and partiic.idacly 
the Ganges is the most convenierit source of power in tho Basin which has no cjoal. There 
are numerous potential possibilities of these rivers on which single, dual and multi¬ 
purpose development schemes are possible. 

The hydrological data and particularly records of discharges and fluctuations of - 
level and sub-soil water are not available, and whore available, are very poorly main¬ 
tained. If the rivers are tube •developed on multi-purpose basis, there will bo'a groat 
need of opening up more stream gauge stations and of mobilizing tho services of 
geographers, hydrologists, geologists and foresters. 

The paper is illustrated with necessary maps, sketches, graphs,otc. 

8. Industrial problems, Development and Planning with regard to the 
Lower Godavari Region. 


V, L. S. P. Rao, Calcutta. 

• ^ examines the scope for industrial development and plan- 

The geographic basis and problems of important indus- 
tries hke paper ,noe milhng, ceramics, sugar, tobacco, etc., arc discussed. 

Out of the total population of 18,80.000, the number of operatives omnlovod in the 
factories is nearly 7200. (i.e. 0.39 percent of the total popuS.tion which is j^t bolow 
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the Presidency average of 0 *42 percent). Ont of the 7,200 factory workers, 4,477 are 
engaged in agricultural industries. Keeping in view the principles of regionalisation 
and on the basis of the character of regional resources and the nature of raw materials 
consumed by the existing industries and assuming that the power problem is going 
to be solved either by hydro-electricity or thermal power, because the region cannot 
rely on coal as a cheap source of power, industries like the alkali industry, sawmill, match 
factory, plywood industry, fish oil and fish meal etc., can be developed in the region. 

, If the industries of the region are going to be planned according to regional concepts, 
the existing three fold classification of the Godavari region into Agency ,TJplands and 
Delta cannot be accepted . The author suggests eight regional units and emphasises 
the need for an Inrlustrial Plaiming Committee with definite objectives, six of which 
have been suggested above. 

To conclude, the Godavari region possess varied resources, required capital and ade¬ 
quate labouriwhat is needed is better co-ordination. The limited mineral deposits like gra 
phite and kaolin should be more carefully utilised. It is doubtful whether inustries could 
DO developed to such an extent as to absorb a vast majority of the agricultural population 
of the region. Agriculture and industry can be integrated by proper regional planning. 
Vested interests and narrow outlook of the Godavari capitalists and industrial organ- 
.isers are playing havoc. The neutral policy of the Madras Government has to be given 
up. The tendency of every potter to become a crucible manufacturer should be sternly 
, discomitenanced; the Godavari industrialists’ policy of waiting ‘till the apprentice 
. fitter coolie becomes a technical export’ should he abandoned once and for all and the 
practice of toying with industrialisation gonorally should be penalised. The Godavari 
industrualists should bo permitted to start ndiistrios only after tho approval of the 
Industrial Planning Coinmittoo. ' 

The landscape, personality and tho goo-oconomic factors should determine tho future 
character and pattern of industrial planning anil dovolopinent in tho Godavari region 
which, as such, has no personality of its own and henoo, should bo considered as a part 
of the Northern CLrcars Kegion, not only for the purposes of industrial planning but 
also for regional planning. 

9. Calcutta and the industries in its Suburbs. 

P. C. Chakravaeti, Calcutta. 

Calcutta maintains a high population. Labour is cosmopolitan, abundant and 
efficient. Consumption of finished goods of various orders is great. Both heavy goods 
and light industries (cottage) would not only find a ready market but also solve 
the problem of unemployment to a certain degree. Again supply of commodities to 
markets according to tho demand, would mako the city self-sufficient. Some of the 
raw-materials are bo imported no doubt, but industries of various types would change 
the social condition and tho general outlook. Care must bo taken to leave untouched 
tho green bolts. Location of thoso industrial concerns must also be away from resi. 
dontial quarters. 

10. The Origin of Forces responsible for Disruption of Continents, Moun¬ 
tain Building and Continental Drift. 

H. L. Chhibbbb, Benares. 

The chief factors causing the disruption and drift of continents and mountain 
building are radioactive disintegration and evolution of heat leading to the melting of 
rocks and thoir subsequent intrusion and extrusion and the ultimate foundering of 
largo portions of the crust leading to its invasion by tho sea ; loss of heat, resiilting in 
contraction causing mountain building on the one hand and goosyiiclinal depressions on 
the other ; tension arising as a complement to compression in the adjacent mountain 
forming area, and being ultimately responsible for the drifting of tho disrupted parts 
of continents. 

11. The Origin and Permanence of OoeBn Basins. 

H. L. Chhibber, Benares. 

The term pormanenco of ocoan basins has been employed in a vague and loose sense. 
Even submarine volcanic eruptions interfere with their permanence. Even in.bir, 
oceans like tho Pacific, volcanic islands spring up in the middle or anywhere. More ovo^ 
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■ the tiphoaval of the geosynclinals, disruption and drift of continents, intorforo wit 
. the permanenence of ocean basins. The wandering of the continents across the ocean 
floor vitiates the idea of the pormanenoo of ocean basins. 

12. Pedologioal Olbservations on Roils of Darjeeling District. 

N. E. Kar, Calcutta. 

The paper embodies some of tho results of investigations on tho soils of the 
Darjeeling district carried o\it by tho author during the last stimmor. 

The petrological differentiation of the area, as manifested in tho Riwalik sedimon- 
taries, Daling clays and Darjeeling gneisses has no appreciable effect on tho general 
• character of the soil. The guiding factors in tho genesis of tho soil of the area arc the 
topographic features and the climatic conditions—a humid micro-thermal monsoonio 
’ climate with an annual precipitation concentration of over tho whole region, often being 
skeletal in the steep hill sides and bare rocks near the perched peaks. The soil distri¬ 
bution seems to be mainly governed by the topographic gradient and natural vegetative 
cover. 

Profile studies in the Terai foothills, and in tho Kursoong, Darjeeling, Takdah, Kalim- 
pong hills indicate that the area is under a typicallv zonal soil—acid gray-brown earth, 
formed in situ, showing a thin, organically rich, black surface layer (A) overlying a 
thick, often 3-6 ft., fine sandy loam horizon (B), uniformly coloured gray-brown, red or 
chocolate resting on the bedrock (0). The average clay-content of tho soil is about 
30 P.C., followed by fine silt, silt and sand. The clay-content varies from place to place 
in these extremely uneven hill ranges and appears to’bear a positive correlation with tho 
precipitation. The reaction is mainlv on tho acidic side, tho PH value on an average 
being 5.2 and the soil is comparativolv rich in organic matter, nitrogen, pliosphoric 
acid, potash and lime. There is evidence of little acid hydrolysis in tho soil with 
‘ consequent high content of exchangoahlo calcium, uniform distribution of sesauioxides 
with no widespread eluviation and no strong decomposition of silicates in tho B 
horizon. This acid hydrolysis increases towards tho north ^till near cool temperate 
Sikkim nodzolised grey-brown earths aro to be seen, and it decreases gradually south 
wards till on the foothills near the plains latorisod rod-earths make thoir conspicuous 
appearance. 

13. Some Problems of Snow Survey in Eastern Himalayas. 

Bikash Bastt, Calcutta. 

Snow Survey helps to determine the relative amount of run-off contributed by 
snow-melt at various stages during the months of March-April-May bv calculating tho 
water equivalent of snow cover which will melt at those sucedftsivo stages. This 
forecasting of run-off from snow-melt is an essential factor in tho succossfull dovolop- 
’ ment of the multi-purpose schemes concerning river basins. 

The amount of water that may be contributed by tho melting of snow cover to the 
discharge of the streams in the months of March to May will ho determined by tho total 
accumulation of snow cover prior to the melt-soaFon below tho permanent snow lino 
and the total area of the snow covored zone within the catchment basin. In the 
Eastern Himalayas the summer Snowline, that is tho line above which tho ground 
retains its snow cover in Summer, lies somewhere above 18,000 ft. But T would prefer 
to call the zone between 18.000 ft. and 22,000 ft., the Glacial Molt Zone and that 
above 22,000 ft., the Glacial Evaporation Zone. Below 18,000 ft. tho winter snow 
landscape may be divided into two major zones. The upper ono lying between 18,000 
ffc. and 13,000 ft, may be called the zone of Winter Snow Cover. Below 13,000 ft. 
and npto an altitudinal limit varying between 10,5000 ft. and 7,500 ft. there lies a 
Zone of Unstable Winter Snow Cover. In the Eastern Himalayas the bulk of the 
snow fall comes in the S. W. Monsoon season and this snowfall occurs in the Glacial 
Zone above 18,000 ft. Naturally the melt-water contribution in the streams from 
this zone is not very great. The winter snow-fall is primarily limited to lower 
elevations and comes during the passage of depressions. As the characteristic airmass 
in this seasson is NPe, which contains the lowest amount of initial moisture content of 
all the seasonal air masses in this part of India, the snow fall is usually very light 
and spotted in character. Moreover, after the snow fall comes the bright sunny 
spells and the snow cover usually disappears from the ground. So there is no 
opportunity to measure the accumulated snow in March or April and help in fore¬ 
casting the discharge in streams during the critical months of March to May. These 
and certain other conditions in the Eastern Himalayas, discussed at length in this 
paper, seem to defeat the purpose of Snow Survey, 
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Atomic, Neuclear Physics 


1. Generation of Mesons and its dependence on Meson spin. 

S. K. Chakeabaety, Bombay. 

Mesons obtained at sea-level are produced within the atomsphere but doubt exists 
regarding tho primary which produces these mesons and also the process through which 
they are generated. Several hypotheses have been postulated of which the theory 
for tho production of mesons by proton-nucleon collisions seems to be more reasonable. 

. On this theory a proton by colliding with a nucleon will generate mesons as well as recoil 
[nucleons and will also loose energy by ionization. In the present paper approximate 
expressions for the cross sections for different processes have been obtained both for 
a transverse as well as a pseudo scalar meson. These have later been used for the cal-‘ 
oulations of i) the energy spectrum of nucleons at different levels of, the atmosphere ii) 
energy spectrum of mesons (both transverse and pseudoscalar separately) at different 
levels of the atmosphere produced by primary protons of different energies and iii) the 
integral spectrum of mesons at the different levels for an assumed energy spectrtim 
levels of the atmosphere produced by primary protons of different energies and iii) the 
integral spectrum of mesons at the different levels for an assumed energy spectrum 
of primary protone incident at the top of the atmosphere. The energy spectrum of 
nucleons obtained hero differs considerably from similar results obtained by Peng and 
the reasons for such differences have been explained. The energy spectrum of the 
mesons, whether transverse or psoudoscalar, produced by a primary proton are nearly 
similar except fpr tho fact that the number of mesons on different energy regions is 
larger by a factor 2-3, if tho mesons are transverse than if they are pseudosoalar. But 
this fact cannot bo used to ascertain the spin of sea level mesons unless the inten¬ 
sity as well as the energy spectrum of the primary protons are accurately known. The 
energy spectrum however, depends critically on the proper life time of the meson at rest 
and comparison of tho results of the present paper with the observed results of Wilson 
show that t= 2-Tx 10-® sec. The observed knee of the latitude effect can however, 
be explained whether the mesoms are transverse or pseudosoalar. 


2. Nuclear Isomerism of Bromine 80 and the exited states of the Nucleus. 

S. D. Chattebjee, Calcutta and N. K. Saha, Delhi. 

Barlier it was shown by one of the authors {N.K.S.) that the upper limit of the 
^-ray spectrum of the 18 min. and 4 *4 hr. isomers of Br. 80 as obtained by slow neutron 
bombardment of bromine is the same within the limits of experimental error. In the 
present work (a) the same result is confirmed by a slightly improved method of measur- 
ment; (b) the upper limit is also determined for the two periods excited by fast neutron 
bombardment. Bor tho 18 min. period tho upper limit is found to be '—2 *26 Mev and 
that for the 4 -4 hr. period ^2 *02 Mev, practically the same as that under slow neutron 
bombardment; (o) the excitation ratio of the two activities of 18 min. ; 4 *4 hr. period 
is studied as a function of the excitation energy of the bromine nucleus as obtained by 
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the bombardment of Br. by (i) slow neutrons, (ii) fast neutrons and (iii) a mixture of 
fast and slow neutrons, Tho excitation ratio in tlio throe oa.sos is found to bo '^2-1, 
2 *69 and 2 -3 respectively with a probable error not oxcooding ^0 *2. Well known 
chemical methods of concentration of active Br. 80 in conjunction with G. M. —counters 
and mechanical recorders were used in thoso oxporimonts. 

In order to explain the observed variation of tho upper limit of tho /3-ray spo<jtruin 
and the excitation ratio of the isomors with the energy of oxcjitation of tho Br-nuclous, 
an energy level scheme of Br. 80 and Kr. 80 nuclei has boon suggostod. According 
to this a metastablo state of ^-^4:8 KeV and an excited state of --0 *2 Mov above tho 
ground state are attributed to tho Br.80—nuclous, while an cxciitcid^ stab^ <^0 *0 MoV 
above the ground level of KrSO appears to fit well with a y —radiation of this onorgy 
observed by Snell associated with the 18 min. isomors of BrSO produced in tho reaction 
Br79 (d,p) Br80. 

For low excitation by slow neutrons only tho 48 KeV metastablo state of BrSO 
s excited, from which it returns to the ground state of BrSO by a (/3-loss) y-emission 
and from there to the ground level of Kr80-nucleus. On tho^ other hand for a largo 
excitation by fast neutrons the 0 *2 MeV excited state of BrSO is also excited in compe¬ 
tition with the metastable state. This highly oxoitod BrSO-ueuclous rottxrns to its ground 
state by an “ allowed ’* y-emission and thon passes on to tho ground (or excited) level 
or Kr80 giving an 18 min. jS-ray spectrum of tho highest uiDpor limit of '-^2 *2 MoV 
and the increased excitation ratio of 2 "69 of tho two activities of 18 min. : 4 *4 hr. 
periods. 

3. Neutron-Deuteron scattering. 

C. K. SuNDARAOHAE, Bangalore. 

Keutron-deuteron scattering cross-section valuos doduood on tho basis of current 
theories do not fit with experimental valuos, particularly at tho lower ouergios. It may 
be that the interaction potential assumed in the theory is not oorroot or tliat there is 
an interference effect between potential and rosonanoo scattering.^ An anomaly in 
neutron-deuteron scattering at 0.7 Mev. neutron energy has boon noticed by tho author. 
(Nature. 149. 61. 1942.), Similar anomalies have beon noted by other workers in tho 
scattering of low energy neutrons by the lighter elements. Results of a now experimen¬ 
tal study of neutron-deuteron soatteriixg, using a heavy paraffin as tho soattorer, reveal 
resonances at the lower energies. 

4. Characters of Cubic Groups. 

T. Vbnkataraybdxj and V. Ramakeishnamubty. Waltair. 

The point groups isomorplious to tho cubic space groups are oxtonded by taking 
the primitive translations Tv, Ty, T,, as distinct from intlentity bub satisfying the relation 
Tx*f=*Ty==«lV=*E. The characters in respect of such oxiendod groups have boon 
worked out. 


Crystal Physics, X Rays and Crystal Structure, etc. 


6, CrystaUographio studies on 9 : 10 Dihydro-!Naphthacono. 

S. L. Chobghadb, Nagpur. 

9: lO-Dihydro-naphthacene, 




Crystallines in the orthorhombic system. Good single crystals can be grown by slow 
evaporation of a solution of tho substanoo in ethyl acetate. They appear as 
six-sided tabular plates parallel to (010) bounded by (101) and (120) faces, and elo- 
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ngated along tke ‘c’ axis. Occasionally, (110) and (001) faces are also developed. 
Since no pyramidal fatsos appear on the crystals so far examined gonioraetrically, mor¬ 
phological data do nob enable us to decide whether they belong to the pyramidal or 
bipyramidal class of orthorhombic system. 

From several sots of rotation and oscillation photographs taken about tho three 
crystallographic axes with Cu.K^, radiation ,it is found that tho unit cell of tho crystal 
has tho dimensions 

a=7*53, Z;=:25*77, c=6-08 A, 
and that it contains 4 molecules of Cm 

Optically, tho crystals exhibit strong negative birefringence. Preliminary mea¬ 
surements of tho principal refractive indices of the crystal for the D linos of sodium gave 

a'=l-60, ^ = 1-74, y = l-92, 

6~y, c=,d, and V;::;46°. 

The direction of vibration of the slowest ray and the long spacing of the crystal 
along the b’ axis show that in the crystal of 9 : 10-dihydronaphthacene the molecular 
lengths lie along tho ‘b’ axis. The direction of vibration of the fastest ray in the crystal 
and tho ‘a’ and ‘c’ dimensions of the unit cell point to tho conclusion that the normals 
to the planes of benzene rings in the molecule of 9 : 10-dihydronaphthaceno make small 
angles with tho ‘a’ axis of the crystal. 

6. Isothermals'for Rock-salt at high temperatures. 

Dr. B. Dayal. Benares. 

The iso thermals at various temperatures for rock-salt have boon drawn theo¬ 
retically. Tho static part of tho pressure has boon evaluated from the standard form 
of tho potential function, while tho calculations of the thermal part arobasod on Kainan’s 
theory of crystal vibrations. Compressibility and thermal expansion have been cal¬ 
culated from those curves and agree with tho experimental values upto 900°K, the theo¬ 
retical values increasing abnormally above this temperature. The pressure coefficient 
of compressibility has been calculated theoretically and is found to be in very good 
agreement with Bridgman’s measurements. 

7. Elastic frequencies of Amethyst and Smoky Quartz. 

Bn. Krishnamitrty, Waltair. 

By the Ultrasonic method, using Debye and Sears phenomenon of the diffraction 
of light by Ultrasonic waves, the elastic frequencies of Amethyst and Smoky Quarbz‘ 
are determined with specimens of dilTcrent depths of colour, and after completo deco- 
lourisation by heating at high temperatures. In both cases, the elastic frequencies 
differ from those of colourless quartz. They, however, show no correlative variation 
with depth of colour, and are not altered after decolourisation. Specimens from very 
thickly coloured portions of a crystal of Amethyst do not oscillate piezoelectrically. 


Electricity and Magnetism 

8. Magnetic susceptibilities of Alkaline Halides. 

P. D. Pathak and D. V. Gogate, Baroda. 

A precision method which is a modified form of Gouy’s method was developed 
in this laboratory for the measurement of magnetic susceptibilities and it was used for 
determining the susceptibilities of Sodium, Potassium and Lithium halides- ^ The ob* 
ject of this investigation was to examine (a) the validity of the law of additivity in the 
case of the above salts, and (b) the discrepancies between the observed and calculated 
values of their susceptibilities. This is probably the first attempt to determine the 
magnetic susceptibility of Li I in anhydtous form. It is found that the law of additivity 
holds to a first approximation in case of sodium and potassium halides but breaks down 
completely in the case of Li salts. It is suggested that the observed progressive increase 
in the differences between the calculated and observed values as we pass from Li-CL 
to Li-I may be due to the interaction between the outer shells of the small positive ioi^ 
and the heavier and powerfully charged negative ions. 
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9. The magnetic properties of Ferrous Sulphate Heptahydrate from room 
temperature to 80'’K. 

Bhagawati Charan Gub:a, Calcutta 

The tsmpsrafcuro vJ.riafaioa of tli-) priaoipal su^oopbibilifiios of FoSOj 

7 H 3 O, shows that there is an ossoiitial similarity botwoorithis crystal and tho ionic cobalt 
salts regarding their magnetic proporbios. Tho anisotropies in tJio two cases are nearly 
of the same magnitude and incorase about sovon tnnos from room tomporaturo to 80°K. 
The square of tho mean mxgajtic mJinents is lower than the theoretical value for the 
free ion, by the same amount as in cobalt salts, and it deoroasos with fall of temporatuo 
in the same manner. Tho reason for all these finiings should be attributed to tho fact 
that the lowermost level of the Stark pattern in a cubic field in both and 0o<'+ 
ions is a triplet. 

There is an axis of magnetic symmetry in FoSOi THaO, though tho crystal struotur 
does not lead to it. 


10. Dielectric constants of Marbles and Limostoiics. 

D. A. A. S. Nabayana Rao, Waltair. 

The dielectric constants of white marble of Jubbalporo, groy marblo of Hyderabad, 
pink marble of Rajaputana, Kxirnool limestone, Bhima limestone and Planad liinostone 
are determined in the dry condition at a froquencey of 1,6 moga cycles by a liquid xxaixturo 
method. Sections in different directions of the same specimen are takoti. Tho values 
are ranging between 7.7 and 8 . 6 . Dilferonoos between tho different ,eeleurod marbles 
are not as high as reported by previous observers. Tho dielectric anisotropy was found 
to be very slight, and no definite conclusions could bo di*awn from it. 


11, A note on the equivalence of the Riosz method and the A-Limiting 
process, 

F, C. AulxjoKj Delhi, 

In tho framework of the classical electromagnetic theory divorgonco.free results 
can be obtained either by the X-iimiting process duo to Wontzel, Dirac, and Pauli or 
by using the powerful method due to Riesz where tho potential is obtained by aualytica 
continuation to <x =0 of an arbitrary parameter a. Itecontly Ma has ostablishod th^ 
equivalence, in the ca^e of the field ot* a point source, of tho X-Umiting procoss and tii^ 
Riesz method, In this paper the above equivalence is ostablishod by an alternative 
method, In the case of the electromagnetic field wo dofino tho potential A^ot at tho 
(space-time) point as 
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where B is the hyperbolic distance between x^ and a point (t) on the world lino of 
the point source (r denote proper time) ; 
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enclosing only tho point Bs =»0 correspond 
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Electronics and Tonics 

12. Eatings of low Power Eectifiers. 

S. V. Chandbashekhar Atta and C. S. Shivaram, Poona. 

For the supply of d.o. from a.c., a powor supply unit employing a rectifier is gener¬ 
ally used. The physicist generally employs low power rectifiers but his requirements 
of constancy of supply voltage are much greater. Generally the performance charac¬ 
teristics are given by the manufacturers by a set of curves, voltage against current. 
Recent work has led to the conclusion that certain additional parameters have to be 
supplied. It is shown in this paper that a more important quantity, the Bp of the tube 
for different filament voltages is also necessary. 

13. Influence of Temperature on Joshi-Effect in Oxygen. 

S. R. Mohakty, Benares. 

Joahi-effect Li in oxygen enclosed in a sealed Siemens’ tube at 331 mm (32°C) has 
been studied at different tomperatutos t in the range 30-125°G. The gas was excited 
at various V increased over 2-5 KV of 50 cycles frequency. The A.C. indicator was 
a vacuo-junotion. 

At constant V, the discharge current i ineroasos markedly with t. Thus, at ^=33® and 
126°C, in dark duo to 2.67 KV was respoctivoly 4.00 and 10.35. The ‘threshold 
potential’ Vm and also the net effect Li increase with t up to 50°C and then deoreast. 
Thus e.g. Vm was 2.31 KV at 33°C, rose to 2.37 KV at 50°C, and decrease with further 
rise in i to 2.19KV at 125°0, The variation with t of electrical breakdown of solid diel¬ 
ectrics in similar (Hippel, Trans, Faraday Soc*, 1946, 42A, 78). At the above V, Li 
increased from 1.17 at 33°C to a maximum of 1.26 at 60®C, and decreased at higher 
t to 0.50 at 125®0. The relative effect % Li, however, decreases regularly with (. It 
was, at the above V 29 at 33°3 and 5 at I26°C. 

Joshi {Phys.8ec., Abst.26, 1946 ; Cur.8ci„ 1946,15,281 ; 1947,16,19) has suggested 
the formation of an electrode layer as primary to A i^ Since temperature would deoo-> 
ndition the electrode layer, a decrease of A ^ may be expected. 


14. Influence of Light-Intensity on the Joshi-Effect in Chlorine under 

Silent Discharge at Various Gas Pressures and Exciting Potentials. 

B. Kambswar Sarma, Benares, 

TJsing 6H6 (R.C.A.) double diode as A.C. indicator, the dependence on the above 
factors of the Joahi-effect L i is investigated'in the range, the potential V, 1 to 10 KV; 
the gas pressure p, 5Ho 300 mm Hg ; and the relative light intensity I, 1 to 480. 

The effect A i increases with I more rapidly at small than at large I ,* at the latter 
a saturation is perceptible. The Joshi-Lakshminarayaniah equation, Li =:aP>, where 
a and b are constants, was found applicable at low light intensities I. Further-more 
the"'curves, log Ai-log I, tended to be linear at low exciting potentials V, in agreement 
withfthe above equation.^ At largeW, the curves showed a concavity towards the in¬ 
tensity axis which has'been generalized by Joshi as characteristic of this phenomenon. 

The relative effect % Li increases with p upto a maximum, decreases and then, 
tends to increase again. Thus at 5, 20, 60, 100, 200, 300.rmm Hg pressure, the max¬ 
imum % A^ is 48 ,60, 52, 38, 30, 37 respectively. The threshold potential Vna in¬ 
creases with p, from 1.2 KV at 5 nom to 7.7 KV at 300 mm. The net effect Li increases 
with V; the relative effect % Li, however, decreases. 

15. Influence on JosM-Effect in Chlorine of the Inter-electrode Spacing in 

an Ozoniser Discharge at 50 and 600 Cycles Frequency 

N. Atchuta Ramaiah,, Benares. 

Joshi (Indian Sci, Oowg., Phys. Sec,, 26, 1946 ; Curr, Sci,, 1946, 15, 281) has 
as cribed the effect Ai inter alia to emission, of photo-electrons from a boundary layer 
formed under the disebarge. These electrons are captured by excited gas molecules 
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and atoms to form negative ions. Since the probability of electron capture depends 
upon p/E, where p is the gas pressure and E the field, ceteris parilnts, Ai should decrease 
with E. Earlier, E at constant p was varied by altering tho alied V. The dependence 
on E of the effect is now studied by varying I the inbcr-oloctrodo distance at oinstant 
p and V. 

Three ozonisers A, B and 0, of tho samo outer diameter and with d of 2, 
4 and C mm respectively, wore filled with purified (shlorine at 500 mm pressure 
and excited at V varied in tho range 2-14 KV of 50 C/Velos, and o ‘S-O.O KV of 500 (*.yclos 
frequency. The ‘threshold potential’ Vm varied lim^arly withd. At constant V, both 
Ai and % Ai increased with d. Thus o.g. at 0 *0 ICV of 50 cycles A'?* was 0 *4 (A), 1 -0 
(B) and 2*3 (C);the corresponding % Ai was 21, 49 and 02 respectively. Itosults were 
similar at constant iD. Thus, with 500 cycles, at '?'D=0.4, % Ai for the above intor- 
eloctrode spaoings was respectively 29, 34 and 39. 

Increase of d at constant V reduces E, leading, on Joshi’s theory [loc, ci^.), to an 
increase of Ai, as observed. 

In accord with Joshi’s postulate of tho formation of a boundary layer as fundamen¬ 
tal to tho effect A^ (loc, cit,), it was found that its magnitude in tho freshly prepared 
ozonisers increased progressively with ^afjing'* undor tho discharge. 

16. Comparative Studies of JosM-Effect in Chlorine undor Somi-ozoniscr 
excitation at 5.0 and 500 cycles frequency 

D. V. Ramaha Rao, Benares. 

Previous work on this phenomenon, A^, refers ohiofly to Siemens’ tubes as tho 
excited system (Joshi, Pros. Add., Chom. Soc., Indmn Bci, Oonrf,^ 1043 ; Joshi and Deo 
Nature, 1944, 153, 434) This has now boon oxtondod to a sorni-ozonisor discharge,. 
The influence of the following parapiotors has boon studied at both tho froquoneies men¬ 
tioned above : the applied potential was varied from 1 *0 to 5 *0 iV at 50 cycles and 
from 0 *2 to 1 *0 KV at 600 cycles frequency ; the gas prossuro from 6 to ,40() nun and 
the relative intensity of light from 1 to 530. Tho detector was a diode CIIO (BOA 
inductively coupled with the L.T. of the discharge tube. 

In this pressure range, for both the frequencies, the threshold potential, Vm, is 
sensibly a linear function of p. At a given p, the not effect A i increases with V to 
a constant maximum. The relative effect % Ai (100 Ai/iD), however is a maximum 
near Vm and decreases thereafter. Thus e. g., at 100mm prossuro, Ai inoroasos from 
1*1 at 1 *6 KV to 6 *6 at 4 *05 KV ; tho corresponding % Ai is 52 and 40 rospoctivoly. 
At a constant V, ws., 2 *94 KV, Ai increases from 2 *7 at 6 mm to 6 *0 at 40 mm 
pressure. Further increase of pressure to 300 mm reduces Ai to 1 *1 Tho corresponding 
% Ai is 40, 63 and 26 respectively at tho above pressures. 

In agreement with the general findings of Joshi (loc, cit,) Ai and %Ai inoroasos 
with increasing light intensity indicative of saturation. 

Fundamentally similar results wore obtained at 500 oyedos frequency also. Tho, 
corresponding Vm was lower and usually, though not invariably, not Ai was greater at 
the larger frequency. 

17. Influence of Oapacitative Impedance and tho Froquoncy Filters on tho 
Joshi-Effect in (jhlorine under Electrical Discharge 

Nabbnda Nath, Benares. 

The marked influence of the above factor (in an unionised stat 0 )on the magnitude 
of. the JosM-e^g^eci Ai, a photo-variation of the discharge current i, in chlorine was observ¬ 
ed by Joshi and co-workers (Proc. Ind. Sci. Cong. Ahst.^H), In tho present investiga¬ 
tion the effect Ai is studied using neon and helium tubes of Goisslor typo. Tho capacities 
were connected in series with chlorine tube which excited at potentials 2 *07 KV to 
9 *3 KV, at 50cyoles frequency, using a double diode as a rectifier. In the first group 
of results, when whole of the L. T. current was alllowed to pass through tho neon tube 
the glow appeared in it before the threshold potential Vm. of the chlorine tube , the 
current was large but Ai was not detected before Vm. Remarkably enough, the H. 
F. part of i showed practically a 100 % of current decrease near Vm; iL, F. showed 
39% of current increase under light at low apdlied KV ; and at higher KV this positive 
effect changed to negative . Next, helimn tube was substituted for neon tube, 
i, the discharge current was greater and % Ai less for hoUum tubo than in oaso of neon. 
Furthermore* Ai was negative near Vm, whereas 6 % of Ai was observed at higher 
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KV. At the above mentioned KV, iD, — Ai and the corresponding % Ai wore quite 
large in H.F. iL.F. did not produce any glow in the helium tube, and therefore did not 
show any current. These results and the previous ones show that the effect Ai is essen¬ 
tially the same irrespective of the nature of the external capacity and that the chief 
seat of Ai is the H.F. part of i. 

'18. Studies of the Joshi-Effect in Iodine with a Triode and a Pentode 
under Various Modes of Operation. 

S, N. TnwARi, Benares. 

It was observed by Joshi that the value of a capacitance in the path of the discharge 
current determines appreciably the magnitude of the corresponding light-effect. The 
role of an external capacitance has been investigated with a triode 37 coupled induc¬ 
tively. It was observed here that % Ai increased progressively with the decrease in 
the serial capacitance but it decreased markedly with the decrease in the parallel capa¬ 
citance. 

Results showed that % Ai was always higher under the anode bend than the grid 
leak detection and that pentode 6J7 showed greater % Ai than the triode. When the 
pentode and triode were coupled resistivoly the magnitudes of Ai and % Ai were greatly 
reduced'and that an inversion of a negative Joshi-ejfect to an apparently positive-effect 
occurred beyond a certain critical value of tho resistance. In the case of the triode 
the grid current, however, invariably dooreasod on irradiation but in the case of the 
pentode, the grid current, and any changes therein on irradiation could not bo observed. 
The most important aspect of the positive-effect was that it often started with a nega¬ 
tive kick, was slowly built up and instantaneously destroyed on shutting out tho irra¬ 
diation. In the case of triode the positive-effect may bo accounted for (i) sturation 
due to R.F. part of tho signal, (ii) grid-shift towards positive on irradiation. 

A shift of the grid bias to higher negative value increases % Ai and the positive- 
effect is shifted to higher exciting potentials. 

19. Production of Joshi-Effect in Oxygen in Semi-ozonisers. 

S. R, Mohanty and P. C. Pbadhan, Benares 

Joahi-effeot has been studied in oxygen filled at different pressures in the range 
50-600 mm in semi-ozonisers, the central high tension wire being gold ,silver ,and copper 
under comparative conditions. The exciting potential V was varied over 0 ‘5-5 *0 KV 
of 60 cycles frequency. The detector was a diode 6H6 used as a hallf wave rectifier ; 
it was coupled inductively with the L.T. of the oxygen tubes. No effect was observed 
below Vm, the potential necessary to initiate a discharge. Above V??i, i increased 
with V ; the relative effect % Ai, i,e., 100 A^/iB, however, was maximum at and 
decreased with V. Thus e.g. at 50min with a somi-ozoniser containing a H.T. wire of 
gold, A'^ increased from 0 *4 at 0 -OTKY to 1 *5 at 4 *67 KV ; the corresponding %Ai 
was respectively 33 and 12. 

At constant the effect varied in tho order gold >silver> copper. Thus e.g, 
at the above pressure and 'il) = 6, %Ai was 14 (gold), 5(silver), and 2 (copper). This 
difference has been traced to the catalytic activity of the metals concerned. The effect 
has also been studied at 600 cycles frequency. 


Light 

20. Passage of Visible Light Through Cloud and Fogs 
Y. G. Naik, Ahmedabad. 

When a beam of light passes through a fog, tho portion of beam intercepted by the 
particles in the cloud is scattered by them in all directions. The amount of light scatt¬ 
ered in different directions depends on the size and the refractive index of the drops. This 
problem was first investigated theoretically by Rayleigh and Love for particles, smaller 
than or equal to the wave length of light and having small refractive index, Mie de¬ 
veloped a general theory applicable to any size and any refractive index. 

The present paper deals with tliree important aspects of the passage of light tlirough 
^ytificial fogs, which approximate to the natural conditioijs in the atmosphere, 
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(i) It has been shown that the Mio’s theory explains not only tho formation coma 
rings but also tho scheme of coloration of tho Central Corona disc , which the previous 
theories duo to Verdot., Airy and othoi's failed to oxj^lain, 

(ii) The problem of light transmission, which gave very (‘.ouflicting experimental 
evidence from different investigators, has been explained satisfactorily with special re¬ 
ference to the part played by tho size and tho number of drops scattering tho light 
The minimum wave length of light , corresponding to a given size of particles‘in a fog 
or cloud which gives a transmission of light without unduo fluctuation of light intensity, 
has been determined. 

(iii) The phenomenon of tho Brocken bow or tho glory has boon satisfactorily 
explained on tho basis of tho calculations of tho Mio’s theory of light. 

21. Studies in Colloid optics 

P. K. Katti, Poona. 

The phenomenon of the sol-gel and gel-sol transformation for various concentra¬ 
tions of agar-agar has been studied by the colloid-optical technique of R. S. Krishnan. 
The depolarisation values Pu, Pv,&Ph. have boon measured in the temperature range 
of 80‘’-20‘^C by using a pair of double image prisms in tho usual manner. 

The intensity variations have been measured for tho above temporafcuro ranges. 
Values of Pu calculated and observed agree throughout tlio range verifying tho Krishnan 


relation Vh=Hv and 
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for all concentrations. 


At all concentrations the critical temperature below which tho intensity of the 
scattered beam increases is 35°C. The decrease of Ph and Pv starts at 33®C. Per 
the gel to sol transformation in warming the gel from 20® to 80®O there are no mdden 
changes at 33® or '35®0, but the polarisations and intensities change over gradually 
to the original ‘sol’ values of 80®C. 


Meteorology, Geophysics, Oceanography etc. 

(a) Atmospheric Physics 

22. Height distribution of Atmospheric ozone at Delhi. 

R. V, Karanoikar and K. R. Ramanatha’n, Now Delhi. 

Observations of the zenith scattered light made with Dobson’s photo-elootrio spec¬ 
trophotometer on clear days at Delhi (Lat. 28® 36’N) during tho i)eriod November 1045 
to March 1947 have been used to determine the vertical distribution of ozone at this 
place* 

Dobson’s method A was used to get an approximate idea of tho height distribution 
and this was used as a starting point for the more elaborate method B, Only primary 
scattering was taken into account, but scattering from layers right up to 100 Km. was 
considered. j & x 

The height distribution ofozonehasbeencalculatedffordays with total ozone amounts 
yar;^g from 0 *155 cm. to 0 •217cm. and curves of distribution drawn. A decrease 
in the total ozone amount is found to cause a rise in the centre of gravity. The centre 
01 gravity was found to be 26 *5 Km. for 0 *166 cm. as compared to 25 *0 Km. for 0 *217 
+ ^ 7 * • same ozone amount, the height of the centre of gravity lowers as we go 

oo e.g. for the ozone amount 0-217 cm the height is 25 Km. at Delhi 

-5 at Arosa and 21 Km .at Troms, 

» ^ hailstorm in the first week of May 1947 at Simla, a marked lowerin 

ot the centre of gravity of the ozone layer was observed. 

distribution, it was found that while the observed values of the 
waU scattered light could be fitted with the calculated values sufhoiently 

An there were increasing differences as Z approached zero, 

to 1 made to analyse this and it appears that the discrepancy is due 

ermg by lar^e particles which are present; eyoi^ in apparently clear seksi 
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over Delhi. The effect of scattering by large particles is large at small angular distances 
from the sun and becomes much less at greater distances. Better agreement can 
therefore be expected for larger values of Z. 

23. Effect of dust and haze on the spectral dtstribotion of zenith-scattered 
radiation. 

R. V. Karandikab, New Delhi. 

Observations of the light scattered from the zenith sky made with Dobson’s photo¬ 
electric spectrophotometer at Jacldm, Simla, in April and May, 1947, showed that there 
were certain wellmarked differences in the values of the intensity-ratios I'7I' and 
and I'/I as measured on clear and hazy days. Here I, I', I" are the intensities of the 
three wavelengths \ (3110A°), \(3300A°) and X"(4450A°) respectively, being strongly 
absorbed by the atmospheric ozone, only slightly and not at all. When log V'jV 
and log I'/I were plotted against the zenith distance z of the sun, for the same value 
of z these were found to be markedly higher on hazy days than on clear days. Simple 
consideration shows that this is expected. 

It was further noticed that, after a rapid decrease in the range z~ 90° to 60°, 
log I"/I' decreased less and less rapidly below 60°, showed a minimum near about 45° 
and further began to increase, the rise being rapid beyond 20°. Calculations of primary 
molecular scattering showed that the expected curve should steadily decrease with z. 
These deviations from the calculated curve become less marked on days with less hazi¬ 
ness, but still persisted oven for apparently very clear skies. Log I'/I also showed 
similar deviations, but these were loss marked and occurred only in the region of low 
values of z. 

This peculiarity of the variations of zenith sky light for small zenith distances of 
the sun could not naturally be observed in middle and high latitudes and does not 
appear to have been commented on. 

A study of the phenomenon shows that the deviations have their origin in large- 
particle scattering in the atmosphere in the forward direction and shows itself conspi¬ 
cuously by the presence of an ‘aureole’ round the sun. The more marked deviations 
in the case of log I"/I' provide a' means to determine the amount of dust and possibly 
its height-distribution in the atmosphere. 

24. An instrument for the measurement of Infra-red radiation from the 
atmosphere during day as well as night. 

R. S. Kalb, Poona. 

An instrument for the measurement of atmospheric infra-red radiation is cons* 
truoted. It consists of two pairs of polished aluminium strips. One pair is blackened 
and afterwards coated with magnesium oxide. The two pairs are lx^ounted alternately 
on a horizontal “ tuffnel ” plate, so as to be exposed to the whole hemisphere. Copper- 
constantan thormo-junctions are fixed to each of the strips in series and a galvanometer 
placed in the circuit gives the effective radiation to the atmosphere. Magnesium-oxide 
has got the reflecting power of 90 % in the visible region, but behaves as a* black body 
in the infra-red beyond 4/^. This is exactly the starting point of atmospheric radiation. 
Aluminium has a reflecting power of 75 to 80% in the visible region and above 90% 
in the infra-red region. So tho MgO coated strips exchange radiation with the atmos¬ 
phere and are thus cooled while the other pair remains at the temperature of the sur¬ 
rounding air (T). The MgO coated strip can be brought to the same temperatxire as 
that of the other pair by passing an electric current through them. From a knowledge 
on the compensating current (1), and the instrumental constant (K)—known after the 
calibration of the instrument—the incoming atmospheric radiation (S) can be calcu¬ 
lated from the formula, 

where cr is the Stefan-Boltzmann constant. 

This instrument can be used with equal facility during dav as Well as night* 

25. Variation of Electronic Density in the Ionosphere with Latitude* 

S* S* Banerjee and R. N. Singh, Benares. 

Study has been made of the variation of electronic density in the F2—^region of 
the ionosphere over Indian latitudes within the region of longitudes 70° and 90° East. 
For the above purpose, mean monthly electronic densities at noon have been calcu- 
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latod from the ionospheric data recorded at Peshawar, Delhi, Bombay and Madras 
by the Research Department, All India Radio. It has boon nliown that tho observations 
clearly indicate bho lowering of noon-ionization of the P2 —region near abovii/ tho magnetic 
equator throughout tho year, due to geomagnetic control of the inospliero as suggested 
by Sir Edward Appleton (Nature, 157, 091, 1046) and subsoqtiontly explained by Pro¬ 
fessor S.K. Mitra (Nature, 358, 068, 1046). It has been further observed that duo to 
tho above lowering of ionic density thci’o appears to bo a region of niaxiinuin ionization 
around the latitude of 20'’.north, and tho rate of lowering of eloi^tronie dosuity towards 
the equatorial side incroasos dicring tho otpiinoxes. This has Ixhui explaiiu^l to bo pro¬ 
as suggested by Sir Edward Apploton (Nature, 157, 691, 1916) and siibstHpunitly (ex¬ 
plained by Professor S. K. Mitra (Natnro, 158, 668, 1946). It has been lui*th<H' c>bserv<Ml 
that due to the above lowering of ionic density thoi*e appears to be a region of ninximum 
ionization around tho latitude of 20° north, ami tlio rate ol‘ loW(^ring of ehictronui density 
towards the equatorial side increases during tho ocpiiuoxos. This has boon o!xplain(Hl 
to be presumably due to thermal expansion of tho ionized layers over tho equator caused 
by high temperature in that region with parabolic distribution of ionizatitm. Poll- 
owing Chapman’s theory of variation of ionic densities with latitude ,au oatiinato has 
been made of the lowering of electronic density due to an assumed itujroaso of toinp- 
perature over the equatorial region of tho ionosphere. The ofteet of tomporaturo on 
the ionization of F2—^region is further indicated by tho reversal of I’atio of concjontratiou 
of electrons between the oquinoctical months and winter solsiicto in tho neighbourhood 
of latitude 25° north. 

26. Studies of ionospheric disturbances associated with tcrrcstrial-inaguo- 
tic, radio and solar effects. 

M. V. SlVAUAMAKRlSHNAN, Pooiia. 

The paper presents an account of somo magnotic disturbaruios associated with 
solar flares and radio fade outs during the period 1937-1946. Tho ionospheric irre¬ 
gularities associated with four great magnetic storms recorded at tho Magnotic Obser¬ 
vatory, Alibag (Bombay) are discussed. The approximate travel time of tho solar 
stream of corpuscles from the Sun to the Earth is calculated. An intense flare is followed 
about a day later by a great magnetic storm far more often than could oc<5ur by chance. 
The presence of a “ Crochet ” in the magnetic records occurring sinnltanooualy witlx 
the appearance of a solar eruption or flare suggests that there is a radiation from the 
sun travelling with the speed of light, while the magnetic storm which appears between 
18 ^d 30 hours later seems to bo caused by a corpuscular radiation with particles tra-‘ 
veiling at a ^oed of 1,000 to 2,000 miles per second. Prom tlio siinultanoous radio 
fade out ,in which the total cessation of tho ionospheric rofloction of short radio wave 
occurs, a great increeise in the ultra-violet omission for tho sun is dodueod. 

An attempt is made to collect a list of sudden ionospheric disturbances of tho 
type from observations made in India for tho period 1937-1946. 


27. Reflection of Atmospherics from the louosphoro at night. 

M. W. Chiplonkar and M. S. HATTiAi^cnr, Rooiiii. 

This paper gives fui'ther results of investigation on tho atmospherics at night carried 
out during the period March 1944 to November 1945 at Poona. Over 600 photographic 
records have been obtained and analysed liere. Tho interpretation of tkosc^ records 
on the inultiple reflection theory of simple atmospherics pulses gives a jnoan ionospheric 
height of 91.3 E^s. at Poona. (Lat. 19°N and Long. 73°E). Also thtu’o arc two other 
distinct levels viz. about 130 Kms. and 45 Kms. from which rofloctions aro found to 
occur at times. Distances of the origin of atmospherics have boon calculated for 
ov^ 300 atmospherics. They range from a few Kms. (local ones) to over SOOOKms. 
Reflection coefficients calculated from the decay of amplitude of tho reflected pulses lie 
between 0 *72 and 0 *51 and compare well with those found by others at other places, 
llie total number of reflections observed on most of tho occasions varied from 10 to 25 
the maximuin being 42. The field strength at tho place of observation varied from 
about 0 *1 millivolt to a fraction of a volt. With a view to find a relation between 
natme oi the high frequency precursors which precede the ground pulse and tho 
ditfer^t charMtemties of the ground -wid sky-puisee somo typical rewords have beon 
car^uUy sorutinis^ and the results obtained are discussed in the light of the discharfre 
mechanism of a lightning stroke. ® 

A ninnber of records also show wave forms ofatino spherics which cannot bo 
ontri reted on the above montionod reflection theory* 
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28. A Statistical study of the conditions of beam wireless communication 
between India and England in relation to solar and geomagnetic 
phenomena. 

M. W, Chiplonkar and Y. Nene, Poona. 

Thin paper doscribos aiul diaciissos briojdy iho preliminary results of statistical 
analysis of the conditions of beam wireless communication between Grimsby (England) 
and Poona (India), during tlio period (1930-1943). For this purpose the usual method 
of assigning character figures is adopted. The Time-Patterns and the march of the 
moan annual character figures show the 11-year period clearly. The monthly character 
figures give an annual variation which shows a double periodicity. It is pointed out 
hero that a similar double periodicity was observed by one of the authors in the mea- 
suromonts of tho total amount of atmospheric ozone during (1936-1938) at Bombay. 
The 27-day rocurronco tendency is clearly brought out both in the Time-Patterns and 
tho Chreo rocurronco diagrams which were drawn here with 87 days following and pre¬ 
ceding tho selected days of high character figure. Tho frequency of high and low char¬ 
acter figures for each of these days also shows this in a novel and striking mamier. 
With a view to studying the conditions of commorciability between India and England 
in greater detail tho daily character figures have been divided further into day-and 
niglit character figures, tho day representing the nornal period of reliable communi¬ 
cation on wavelength 34,17 m. and the night that on wavelength 16.22 m. In general, 
tho conditions wore more favourable during tho night than during the day ; and the 
absence of 27-day rexiurrence tendency in the night figures points to the conclusion 
that tho wave radiation from tho sun was rosponsiblo for most of tho observed unfavo¬ 
urable conditions. Furth<u“ results aro discussed in relation to those obtained by others 
previously for tho transatlantic communication. A close parallelism is observed between 
all tho abovo variations of conditions of communications and the geomagnetic varia¬ 
tions over the same pc^riod. 

29. ‘‘Bariyal Guns*’ and the upper atmosphere. 

M. W. Chiplokear, Poona. 

Attention is drawn to an old publication of (1888) entitled “Memorandum on the 
Barisal Guns ” other similar papers which give a good deal of information on the nature 
and distribution in time and space of the loud sounds well known in the North East 
India since long as “ Barisal Guns From the existence of the alternate zones of 
audibility and inaudibility, tho direction of sound waves etc. it is inferred that the 
place of origin of thoso sound waves lies in the so called “ Swash of no ground ”in the 
Bay of Bengal. On tho basis of the oxem’sions of sound waves through the upper atmo¬ 
sphere and tho depondenco of tho velocity of sound on temperature an approximate 
distributioix of tomporaturo with height in the stratosphere over the tropics is deduced 
and compared with those obtaitvod similarly by others in tho temperate latitudes. A 
point of groat significance is tho stoop rise of temperature (from about 220*^ A at 35- 
40 Km level to about 350*^ A at 55-60 Km level) in tho ozonosphero deduced here. This 
therefore funxishos a reliable data which gives for tho first time a distribution of tem¬ 
perature at such high levels over tho tropics. 

(b) Radiosonde and other Meteorological Instruments 

30. The calibration Equipment for tho F type Radiosonde 

S. P. VEffKITESJOLWARAN, Poona. 

The pax)or describes the details of construction of the calibration equipment for 
tho F Type Kadiomotoorograph using carbon dioxide snow for lowering the temperature. 
It also describes the calibration equipment for use with a Deep Freeze cabinet imported 
from America. The inothod of correcting the readings of the thermometer for emer¬ 
gent column is explained. Details aro also given for correcting tho readings of the 
manometer for ioinxiorature, variation of the level of mercury in the cistern, and the pre¬ 
ssure duo to tricliloro-othylno in which tho meteorograph is immersed, 

31. A portable ground oquipinent for the F type Radiodoiide 

S. P. Venkitbshwaran, a. Kbsavamorthy, B. B. Huddar and 
B. K. Gupta, Poona. 

Tho paper describes tlie modificatiuns made in tho present ground equipment to 
make it portable and easier to operate. The aerial is capable of being mounted on 
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a tripod stand used with pilot balloon thoodolitos. The recording arrangomont con¬ 
sisting of a moving paper tape and an oloctro-magnot operating an ink fod ui b is replaced 
by a Cenco high frequency impulse counter. By adopting this arrangement, the time 
marking device on the paper tape is dispensed with and roplaood by an ordinary stop 
watch. The possibility of simplifying the calibration equipinent to calibrate and lot oif 
meteorographs with which data can be obtained upto 20,000 ft. at a low cost from a num¬ 
ber of stations is also described. 

32., Some improvements in the U' type'. Racliomcteorograipli and mi inves¬ 
tigation of the performance of the instrument. 

S. P. Venkitbshwaban, V. Kalyansundaram and A. P. Jayahajan, 

Poona. 

In all types of radiomotoorographs where the meteorological olomont is measured 
by the movement of an arm acting as a switch in the wireless transmitter, there is an 
unloiown error duo to the friction of tho pens. This error duo to friction was present 
in the F type radiomoteorographs also ; but this was olimiualjod by cutting a groove 
about wide and j^st in front of tlio silver spiral. A simple arrangomont 

was rigged up to seal the aneroids used in tho mcitoorographs under any required ox-, 
haustion. Ascents were made on a number of days with two instrumonts with signa- 
llus of different wave lengths attached to tho same balloon and followed with two in¬ 
dependent receivers and recorders. Bifforont typos of inotoorographs w(n‘o roloased 
and the .agreement between tho data examined. The paper discusses tho degree of 
agreement between the data obtained with tho two instruments. 

33. Distant reading instruments for measuring surface winds. 

A. Kesavamorthy ayid S. P. Vej>ikiteshwara.n, Poona. 

With the increase in aviation, tho requisitions for meteorological reports from 
aerodromes have also increased appreciably. Tho data have to bbe supplied both 
for the planes in the air and on the ground with the loasb possible delay. Bifforont 
types of instruments have been constructed to measure tho velocity and direction of 
surface wind from the room of the observer without going up to tho anomomotor or 
wind vane which are usually located in places not easily aooossiblo. Tho present 
paper describes an equipment consisting of an electronic wind speed indicator and a 
wind vane using selsyn motors. In tho electronic wind speed indicator, an r.f. voltage 
with a frequency of 30 Kos generated in tho observer’s room is fod tlirough a pair of 
cables into a coil fixed in the box carrying tho spindlo of the 4-oup anomomotcr. Another 
coil is fixed just below the first coil and the voltage induced in this is fod into an ampUfior 
through a pair of shielded cables. A brass circular vane with ton Hectors fixed on tho 
anemometer spindle and rotating in the space between tho two coils makos tho induced 
voltage fiuotuato at a frequency which is proportional to tho rato of rotation of tho ane¬ 
mometer cups. The induced voltage is amplified and the varying portion of voltage 
further amplified and converted into square wave pulses of coxistant amplitude and 
then fed into a frequency discrimination circuit whiclx iinlicatos the IVocpioncy of tlio 
voltage variation by moans of a micro-ammobor calibrated in miles per hour. The i)apor 
also describes the advantages of this method over some of tho other methods ia use. 

34. A Further report on the cathode ray tube spoctrograpli 

A. U. MoMiiii, Poona. 

The Cathode Ray Tube Spectrograph has already*boon <loscribod briefly in earlier 
communications to the Indian Science Congress (1917), to Nature (20 July 1947) and 
to the Symposium on “ Atmospherio Processes” of the National Institute of Sciences 
of India (194(5). In this paper some fui'bhor development and refinements which 
enable the instrument to be used for quautitativo measurements of tho omission and 
absorption spectra of the sun and laboratory sources liko tho sodium and mercury arcs, 
Pointolites and the spectral absorption of glass filter and dyes, aro given. 

A new scanning mechanism is described which converts tho rotary motion of a wh¬ 
eel into simple harmonic inotion which is communicated to the scanning slit. The 
movement of the slit itself is utilized for generating a sinusoidal e.m.f. which is auto¬ 
matically synoiiroiiized and applied to the horizontal plates of the cathodo ray tube. 
This new feature enables tho time base to be Tockod’ with tho oscillations of tho slit 
and the image on the cathode ray tube roinains steady anti unaffected by any drift in 
the rate of rotations of the driving motor* 
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Another now f(^aturo of tho ineitriimont is the uso of a pro-amplifier for the photool- 
octric oell, whieli has now niado it possible to study iniiob weaker speelra produood by 
laboratory sources. Some typical photograph-i of tlie omission spectra of mercury 
and sodium arc-s ,tho absorption .s]) 0 (d.ra diit^ to atino-jpherio water vapour and oxygon, 
in tho near infra rod region of solar r.idiation, ami spotdral absorption in filters and 
dyes are given. 

Tho results so far obtained are very onconraging and thoro is no doubt that by 
using the roeontly diwolopod nmltiplior photooloctric coil it will bo possible to study 
oxtromoly weak spo<‘.tra arul make intensity luoasuroinimts almost instantaneously 
without r<worl-ing to tho (jonvontional photographic methods. 

35. A oomparison of tho Catch of raiiifixll in Sluchlod and nnshicldcd pre- 
oi[)itation gangos. 

Ralaritdbxn and V. C. Sar^ta, Pcona. 

Comparison was made of tho (‘.atohos of 5^' ordinary type unshielded raingauges 
and those fitted with a Brookes typo of shield. Ono sot of those instruments wore ex¬ 
posed on the ground and tho other on a tower about 111) ft. high. Observations of 
rainfall maih'i during Soptoinber and October 1047 showed that tho average excess of 
catch in the shielded raingaiig) over that of the unshielded ono was about 3% on the 
ground and 8% on tho tow(H\ The average wind vidocity during tho period was 3 miles 
per hour on tlu^ ground and 8 miles per hour on tho tower. Experiments wore also 
conducted to find tho excess of ovaporaiiion in tho snow-gaugos over th»it in the ordinary 
rain gauges which are provided with fiumols and narrow nocked rocoivors. 


(c) Weather 

36. Kiobol’s Method 
India. 


Forecasting, Weather Phenomena, etc. 
of Weather Forecasting Directly Inapplicable to 
S. L. Ma-lukkar, Poona 5. 


Kiobol gave a quantitative method of forecasting in Kussia and got the Stalin Prize 
for it. Last year, tho workers at Massaehusots Institute of Technology found that 
this method did not offer any advantages over previously known methods. A preli¬ 
minary examination of its applicability to tho Tropios is desirable. 

Tho paco of progress in Meteorology lias, for the last generation, been set largely 
by tho rapidly expanding needs of aviation. Inevitably, rule of thumb results serving 
tho particular needs with a fair degree of accuracy had to bo resorted to. The working 
equations in a logical dovclopmont of tho subject depend, ultimately, on facts observed 
in certain areas or conditions. When those conditions do not reproduce themselves 
in other laiibudos, the equations and tho rule of thumb results brofik down. An early 
work by tho author an<l .Raiudas showed that tho lapso-rabos of tomporatiiro very near 
tho ground in the tropics wtu’o muc.h larger than tho values accepted in toxb-boolcs and 
recent work olsowhoro. Tlio large values could bo accounted for by a fresh investiga¬ 
tion. 

In wc^athor forocaBting, the difforoncos are greater. In tho tomporato zone, dep¬ 
ressions have an eastward motion. Tho tropical doprossions have a west-ward motion. 
Tho secondary depression in tho tomporato latitiulos travels much faster than its pri¬ 
mary. The author pointed out that tho secondary low of a wostern disturbance travlos 
slower than its primary in tho peripheries of tho tropical zone. This coupled with 
tho paucity of oiisorvations over wide areas gave tho apparent offoob that disturbances 
travelled 1815 wards in tho Persian Gulf and intensified-a fact that has entered into cli¬ 
matic records. Attempts wore mostly made to reduce all tropical weather into par¬ 
ticular examples of extra-tropical weather. This led to avoidable confusion. Tho 
largo number of workers with experience of weather mostly from tho temperate lati¬ 
tudes could not do otherwise. A free India must develop Tropical Meteroology for 
its own needs and must examine carefully each assumption in the subject. ‘Ad hoc’ 
assumptions for each disjointed phenomenon retards progress. It must be made 
clear that tho weather in tho Tropics and elsewhere must be particular oases of the general 
circulation of the world ; x.o. bo expansions of functions about different points. Gener¬ 
alised principles arc most useful. 

Tho author gave ono such principle recently. Tho direction of motion of a de¬ 
pression or a cyclonic storm is l>y the upper wind met ion at about G JKm^ 
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in the sector correspondine to the ‘‘ sonroo ” mass. Tht^ dopimsions arc perl.iirbations 
on the general circulations of the titinosphoro. Duo to tho iluld striK^turo, tiio oxa<Jt 
boundaries of the perturlmtion are ill dolinod. Still g.nioral c-onc.UisionH can bo drawn 
from hydro-dynamics. Tho motion of tho perturbation is being guidinl by a whole 
layer of fluid. The wind at G Km gives an average value of wliat is happoning in this 
directive layer. If one takes tho vortical height of tho depresHiori is about 4 
Kms, it would affect up to and bo reitiprocally bo alTocstod by the layiu's up to 8 Krns, 
The mean motion at G Km may then give tho forward motion of tho dopiMssion. tn 
middlo latitudes, tho height of tho troposphere is conliried to about 7- U) Kms, A worko 
in the more northerly latitude would observe a (sousidorablcs <^flbt4i t)f tho doprossiou 
on the tropopause. The worker in a slightly lower latitudt^ whoso t/ropopauso may 
be at about 10 Kms iinds tho tropopause as a quiosoont layiu*. Even if other things 
were equal, a worker with a troposphoro oxtouding to 16-17 Kms Iinds little analogy 
with either. 

But other things are not equal. Tho gradients of pressure and tiMnpiu’ature in the 
tropics are much smaller than in tho tomporato zone oven at tlio surface, 'f ho changes 
in the above quantities are small at tho surfat^o in most cases of disturbed weather, and 
necessarily smaller at higher levels of tho atmosphere. VV'ith our instruments, tho 
changes may not bo dolinitely detectable at heights of 8-10 Kms and (!ex*bainly not at 
16-17 Kms, 

The convective layer in a depression soemis to bo of nearly the same order itx the 
tropics and in tho temperate zone. The deeper thickness of tlio tropical troposphoro 
is due to long period convection and z’adiativo equilibrium. Tho small variations 
due to depressions can hardly be expected to penetrate to tho tropox)auso. 

Kiebel’s thery depends essentially on the fundamental assuintption that tho 
tropopause continues to have the sazne individual olomonts with tho passage of a depre¬ 
ssion. The tropopause is a definite boundary just liko the ground and (hiprossion was 
assumed to affect only the intervening layers. In tho tropi(}s, nearly half tho height 
of the troposhpere is apparently unaffected by passing doprossions. As such Kiobol’s 
theory cannot find application to the Tropics without serious modification. 

Before a satisfactory modification, can bo thought out, onoshoiihl know all tho facts 
in the upper atmosphere of the tropics. This poses now problems. Instruments 
with much smaller corrections and reliability, which can operate at greater heights than 
in the temperate zone are required. The theoretical worker must find easily reoongnis- 
able criteria which off set tho smallness of the changes in tho measured quantities. Tho 
author has tried to follow Equatorial-Maritime Air by tho series of thundorstonns 
along its path on the land, squally seas and by the small diurnal variation of toinporaturo, 
instead of basing the detection on purely the tepmporaturo and humidity, A number 
of other criteria have been given for other Tropical air masses. 


37. Lower Level Winds Along the Deltas of the North Madras Coast 
S. L. Malujrkae, Poona 5. 

During the monsoon months, tho winds in tho overlapping deltaic region of the 
north Madras coast are stronger below 3000 ft than at oorrospondiug kivols at Madras 
or at Vizap)atam. This is shown to bo a consoquonco of orography and the (»(piation 
of continuity. The algebraic sum of tho winds at Vizagpataiu and Madras at those 
levels are of the same order but slightly larger than tho winds at MasuUpatatn at tho 
lower levels. 


38. Effect of Afternoon Heat Lows on Winds at Lower Levels. 

S. L. Maluekar, Poona 5. 

Aa a continuation of previous work on semi-stationary low pressure areas (Toch. 
Note.no.20.Ind.Met.Dept.), the places where afternoon low pressure areas can be ex¬ 
pected are given. The resulting large diurnal variation of wind is shown to bo re¬ 
lated to these heat lows. The variation of winds at lower levels at Ahmodabad in winter, 
at Mandalay in the non-monsoon months, the penetration of sea-broozo to the oast of 
Western Ghats, and the westerly strong winds in the United Provinces on summer after¬ 
noons are all at least qualitatively explained. Till now there was not even such an 
explanation for the last two efteots. The sea breeze penetrates over Gujarat not more 
than 15 to 20 mfies, while it penetrated across tho Western Ghats, a high range of hills 
pf ?0p0-3000 ft height^ to a distance of oven 70 iniles. ^ ^ 
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39. Study of oonvorgonoe in the field of motion of the air, and its 
importance in forecasting the development and progress of nor’ 
westers in Bengal. 

A. K. Roy 

Tho 8tudy of nor ‘woRtors, tbo violent tliundorsqnalls which spring up in northeast 
Tndia, and raoro commonly in Bengal, during tho pro-monsoon months, March to May, 
have for a nnmher of years engaged tho closest attontion of Motoorologisfcs in India, 
and a good amount of litoraturo on tlio subject has already been published in tho India 
Meteorological J.)epartniont publications and other outsido journals. While these 
investigations havt) given ns a fairly good insight into tho thermodynamical structure 
of tho atmosphero wliicih favours tho growth of those storms, and enable us now to make 
a reasonably eoinplote diagnostic study of their development and subsequent progress, 
tho problem of forecasting and issuing timoly warnings on all occasions about those 
storms, with tlio accuracy that is domairdod by the public in general, the district 
authorities and onginoors in charge of works still continues to baffle the earnest efforts 
on tho part of oven tho most oxporioncod forocastors. 

Tho study of tho airmass structure of tho atmosphere associated with these thun- 
dersqualla shows clearly that tho genesis of tlioso thunderstorms lios in the incursion 
northwards, up to a height of some 5000 ft., of Tc air with sea travel (To Tm air mass) 
or occasionally of ’[Pm air proper round tho southern and oastern end of the trough of 
low over tho Gangotio valley, this boing overrun by dry air of purely continmtal typo, 
tho lapso rate in which is high and soinebimo-i approaches tho dry adiabatic value. Ear- 
Uor invostigatious on tho subjoeb, ami tho oxaminabion of tVio day to day disbributioi 
of tomporaturo and humidity, as given by radio-Bondo obsorvabious show bhat a sup3r- 
positiou of airmasses as above gives rise bo a condition of dabonb instability’ in tho atmo¬ 
spheric strueturo whitsh, under certain favourable conditions, loads ultimately to the 
violent ovorburning of tho column of tho atmosphere, resulting in tho release of kinetic 
energy in tho form of a squall. However, as we analyse tho synoptic charts of a day 
on which the conditions are generally favourable for tho oocurronco of nor ‘westers, 
wo find tliat while tho instability of this typo prevails over a fairly wide area covered 
by tho wedge of the moist and relatively cool air mass in tho lower levels, and while 
from our oxperioneo and thoorotioal considerations wo expect that the most favourable 
zono for dovolopmont of the thundorsqualls would bo some fifty to hundred miles away’ 
from tho lino of discontinuity between tho moist and dry air masses and on tho moist 
air side of it, tho main diinculty in forecasting accurately about these storms from tho 
point of view of their exact location and time of occurrence is that tho process of their 
dovolopmont, whi(jh doponds for its initiation on a certain kind of ‘trigger action’, starts 
at only some Holoct points in this area, and that tho origin and subsequent movemonb 
of tho storms doponds largely on tho kinematics of the air movement ,up to a height 
of 10,000 ft. or more, over that locality. In a paper read by tho author in tho Sym¬ 
posium of “ Atmospheric Brooessos ”, hold in Bombay in 1946, under tho auspices of 
tho National Insbibuto of fcicioncos in India, it was suggested that the thunderstorm.R 
of the pro-monsoon season are oftoii tho result of waves on a quasi-stationory discon¬ 
tinuity wlioro the two main air masses of tho season convorgo towards each other. This 
idea has boon furtliKU' dovolopod as a result of tho study of tho synoptic charts of some 
of tho important uor ‘wostor days of 1947, and it is soon that a “wave theory” of thun- 
dorsiorms on a lino analogous to tho well-known “ wave theory of cyclones of temperate 
latitudoH ”, givoH a helpful <duo to tho birbh and subsequent life history of these more 
olusivo local Hborrns whicdi also, in a a way, reveal some of tho characteristics of “ mini- 
atiiro cyclorww ”, Unlike tho waves on the “ polar front on which develop tho extra- 
tropical cyciloncis, tho waves associated with those storms are of much shorter length, 
and are also dooidodly more unstable. A prognostic study of tho development of these 
waves, which is tho result chiefly of convorgonco in tho field of motion of air, and of 
tho growth, orientation and subsequent of those waves requires a detailed and careful 
analysis of tho kinomatics of air movomont up to a height of 5000 ft. or rnor© ,and also 
as good an ostimato as possible of the probable changes thereof, taking into^ consider¬ 
ation tho differential prossuro tendencies over the area and the surrounding region during 
tho next 6 to 12 hours. 

40, Thundershowers at Madras in North-East Monsoon Season. 

B, N. Srbbnivasaiah and Vbnkatbswara Eao 

An analysis of soundings made prior to tho occurrence of Norbheast monsoon 
showers (which invariably occur in tho early morning or forenoon) brings out a typical 
vertical structure of tho atmosphere, in which a dry air layer (of relative humidity 40- 
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60%) is sandwiched in between moist layers below and above . The mechanism of 
these showers is traced to radiational cooling of the upper layers. 

41. On Orographic Eain 

P. R. PiSHAEOTY, Poona. 

It is well known that the disbribution of rainfall is most noticeably aiToctod by 
mountain ranges. In weather situations like the southwest moasoon. the rainfall 
on a hilly coast like the Konkan coast of the Indian Tetiinstda is said to pur<dy 
orographic—that is, caused by the steady ascent of moisture la<ltni air ovov the mountain 
barrier. The theoretically possible rainfall has boon calculated xindor the following 
simplifying assumptions 

(i) that there is no appreciable change in the voluno of air as it moves along the 

different parts of the same stream surface, 

(ii) that the scale of turbulence is small compared with tho dimonsions of the moun-. 

tain, and 

(iii) that there is no penetrative convection. 

The stream surfaces around an infinite circular cylinder, placed with its axis hori¬ 
zontal and embedded in a uniform horizontal field of flow, arc given in standard text 
books on Hydrodynamics. By the conformal transformation 

the stream lines around a circular obstacle of radius a aro transformed into those around 
a linear obstacle of length 4o. One of those stream-linos in tho Z piano, approximating 
to the profile of the actual mountain ridge, is soloctod and tho space below this stream¬ 
line is considered as solid. The remaining stream-lines above this solid boundary 
are then taken to represent the field of flow across tho mountain ridge, tho wind flow 
being at right angles to the axis of tho barrier. 

The vertical velocities at every point in the free air, on tho windward side of tho 
mountain, associated with such a stream line pattern aro calculated using tho conformal 
transformation already referred to. Employing those vertical volooitios, the maximum 
possible rainfall per day is calculated from the Fulks formula ;— 

■p 780 a p 2666 e 
--^- 

where R is the rate of precipitaion of rain in millimetros por hour from a layer of sa¬ 
turated air 100 metres thick and having a vortical v<dooity of 1 motro per 
second, 

a is the west adiabatic lapse rate in dog.C por 100 metros, 


ft is ^ in millibars per deg.O, 

T is the absolute temperature, and 

e is the saturation vapour pressure in millibars at T dog.A. 

It is found that on a strong monsoon day in July, with deep moist westerlies of 
40 mph, the orographic lifting over tho Western Ghats at Khaudala can give rise to a 
maximum rainfall of only about 4 inches por day. This value is about half of what 
is actually recorded. The theoretical and the obsorvod values have tho same order 
oj magnitude. The greater amount of the observed rain is probably duo to tho exist¬ 
ence of penetrative convection over the Ghats oven on strong monsoon days, whereby, 
the air flow does not conform to the ideal hydrodynamic stream lines. 


42. Single-station forecasting by Radio-sonde Analysis. 

B. Venkateswara Rag. . . 

^ freoipitation indices based on evening Radio-Sonde ascents have been computed 
for Madras for the ramy period of August to December, 1946, in the manner suggested 
by Schell (Bull. Amer. Met. Soc., 1946, 27, 164). It is found that a high chance for 
precipitation withm 12 hours of the radio-sonde ascent exists only if the index has a 
value of not less than 3, as compared with a value of 1 in tho H.S.A. Further, when the 
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index lies between 3 and 5, the rain is mostly of the type of light showers, while 
when the index is more than 5, equal chances exist for light showers and moderate to 
heavy rain. 

43. “Variation in the Normal Pressure Profile in the neighbourhood 
of Month America, its influence on the S. W. Monsoon in India, 
and the effect of the sunspot on the variation of the Normal 
Pressure Profile.’’ 

K. S. RrA.M/VMnaTr, Poona. 

In this paper the normal latitudinal distribution of pressure, P, in South America 
is assumed to bo of the form, 

P«P +R {Sin6 (0-E) -S} 

and the effect on the Juno to September rainfall in the Peninsula and N.W.India of 
the variation in the parameters P, R, andE as the sot of P’s defining the equation varies 
from year to year is studied. 

It is demonstrated that the more the transport of air to the South Altantio the 
farther will the axis of the high pressure bolt there be shifted from the equator. That 
is, the equatorial cell of meridional circulation expands longitudinally with a strengthening 
of the circulation, 

Tho C. 0. between moan annual sunspot numbers and R, the amplitude of the pre¬ 
ssure profile has boon found to be negative and significant. 

44, “A preliminary oxaininatiou of pressure at Poona.” 

P. S. Srebnivasan and S. S. Vbnkateswaran 

The paper d^als with tho analysis of pressure at Poona from 1889 to 1942. The 
standard error and co-offioiont of variability are very high for October and compara¬ 
tively higher for J\ino, September and November and those are the months in which 
tho monsoon generally sots in or retreats. Tho mean pressure was found to be maximum 
in Pocombor and minimum in July* Of the twelve correlation coefficients between 
any two consecutive months of tho year, only tho correlation coefficient of the months 
May-Juno is highly significant. 

46* Eainfall at Patiala. 

L. D. Mahajan, Patiala. 

In this paper tho statistical analysis of rainfall at Patiala, and its variability have 
been attempted. 

Major rainfall takes place in tho monsoon months from July to September. The 
moan winter rainfall is one-fourth of tho mean summer rainfall. Tho xuean annual 
rainfall of tho last about fifty years is 25 *85 inches, standard deviation 8 *84 inches, 
oocfiiciout of variability 34 *20 % and moan deviation 6 *97 inches. 

Tho anmial raitifall obeys no law relating to time. Tho winter rainfall does not 
dopoxid on the next or past summor rainfall and vice-versa. Often, abnormal high 
rahifall is followod by an abnormal low rainfall, fi’ho annual rainfall mostly depends 
on its summor rainfall and not on its winter rainfall, wliich is very small. Tho moan 
annual rainfall is irregularly decreasing with tho lapse of years. 

Tho average nxnnbor of days associated with rainfall in a year is 44 and they are 
irregularly dooroasing with tho lapse of years. When the number of days associated 
with rainfall in a year is high, the aimual rainfall of that year is also very often high. 
But tho relation is nob very rigid. 

There is no simple periodic variation of tho annual rainfall and the total number 
of rainy days in a year. 

46. The mobility of the small ions of the atmosphere at Poona. 

K. S. Agarwala, Now Delhi. 

Tho results of 151 determinations of the mobility of the natural small ion, as 
derived from tho simultaneous observations of tho conductivity and the ion-content 
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taken at Poona at 10 hrs. I. S. T. during the yoirs 1!):}5 to 11)37, aro givou tuid briofly 
discussed, The moan valiios of mobility tiro found to bo 1 •()(> cms^ volt * 
S 0 c."i for the positive ion and 1 *09 cm*-*, voir* Hood For tho uogativt^ ion. l^Vxiuoucy 
curves are also given; those indicato difCoroat mobility groups. Tho oo(jurrtm(;n of 
higher mobilities during rain and of lowor mobilities during haze has also boon ])oiutod 
out. 


(d) Oceanography 

47. Tropical Ocoanography. 

S. L. Ma-Lurkab, Poona, r> 

It is well-known that the equations of winds in itiotoorology and of ourrouts iu 
the oceans are almost similar. Tho equator is a barrier ordiwHrUy for transport of air 
across it. But under certain ciroumstaneos, as in monsoon ‘pulses’ the tiir c-an cuit ae-ross. 
The areas of high salinity and of density of soa water tire very approKimatoly in the 
same positions as whore the atmospheric high pressure annis cixist. Tho motli(ie.atioTi^ 
due to land masses is greater in tho caso of soa currents. The data tivailablo for working 
a.detailed picture of ocean currents noar tho equator tiro few. But/ bht> (dimatie. or moan 
picture given in most books resemble very much what one would have written about 
wind currents if only some mean values were known . It tippcMirs that ‘pidstw’ of (Xioati 
currents cross tho equator to the other side only at intervals when an ac.tndonUil barri(^r 
is placed across the path of'tho west -ward moving current and the doflocbion towards 
the pole is made impossible by a suitable pressure gradient. 'The (^xac.t cioiulitionn 
when these favourable circumstanoos occur can nob be dotormined tiniest one has 
detailed observations of salinity and tomporafcuro over a wide area on either side of 
the equator. The only general conclusion that one has is tliat tho gradiiavt of salinity 
and temperature is much smaller near the equator than noar the toinporaato labitu<los. 
This exactly corresponds to the smallness of tho pressure gradient near tho equator 
in the atmosphere. 


- General Physics, Properties of Matter, Acoustics, etc. 

48. Further Studies on Thermal Repulsion 

M. K. Poona. 

In previous papers on the subject (Ramda^!, Baranjapn, Toglekar) olniuvations 
had been made on the deflectimrs of a light mica vano HUHp(uulod iu a thin vtirlioal air 
cell whose faces are maintained at a small dUforentJO of temp;u'at/iiivi and it htul l‘)t)on 
shown that the seat of thermal ropulsion force is in tho tomporaturo gratlioub in air 
and that the phenomenon os/n bo studied in its tru{> simplicity whontlu' ttonvcHd/ion is 
eliminated by taking a sufftciontly thin air coll. The present writer resinned this in¬ 
vestigation and studied tho phenomenon at various prossurtis and iu various gases. TTio 
results obtained are summarised below.- 

1. As the air pressure was reduced from tho atmosphorio pressure to about 10“‘ cm. 

of mercury, the thormal force incrosaos at first, roaches a maxixxium and 
then decreases again. 

2. As the initial position of tho vane was varied from tho hot to tho cold surface 

it was seen that both the maximum thormal force and tho optimum air pre¬ 
ssure increase as either surface is approached. ^ 

3. Working with air cells of different thicknesses it was found that tho product 

of thickness and the optimum air pressure was approximately constant. * 

4. A number of experiments were mado with mica vanes of different porimetors 

and areas. There was found to exist a linear relationship between tho area 
of the vane and the thermal force on it, whilo no regular relation whatever 
was seen between the thermal force and the perimeter. Tho possibility of 
the phenomenon being an edge effect was thus eliminated. 

5. The effect of the thermal conductivity of tho material of tho vano Was studied 

by raplacmg the mica vane with an aluminium vano. The differonoo in the 
behaviour was only a slight one in comparison with the large ratio of tho 
thermal conductivities of aluminium and mica. 
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t). ICxporimcutH matlo with tho luitia vano parallel io the to'tipjrafciiro gradient 
Hhowod,^ eoiitrai'y tv) oxpeotatiou, quite a larg) deflootiou, s:na.ll though in 
(‘.orupariHon with th.) defloetion in. tho caso when the vane is perpendicular 
to tho toinperaturv) gradient. 

7. Tlio invt\stigation was carried out using }£c, Ha, air, OHj, A, 00^, CaHt, SOa, 
CiSa, COlj. As one movvvs down tho sorios it is found that tho mixitnuin 
thonual force and tho optiinum gas pressuro P,,, go on decreasing. Linear 
relation was found botwoen F,„ and tho moan froo path at N.T.P. Tho plot 
of log F,u and log is a straight lino. 

S. It has also been sliown tliat from tho defloctions of tho vano in tho 'pax’allel* 
and ‘perpendieular’ position rospoctivoly tho ‘accomodation coofEoient’ 
can bo osti mated. 

49. Raw lualcriala for glass industry in tlie Andhra 
VAVJLA.LA Krishkamoobthi, Waltair. 

Th(^ available raw matorials for glass industry in tho Andhra area have been stu- 
dicKl ; a (tast^ has boon made out for lour glass factories in tho Andhra aroa at Vizaga- 
patam, at Oiuitur, at Nolloro and at Kurnool. 


50, A now typo of Hygrometer using cellophane. 

B. SwAMiKATHAN, Udaipur. 

Cbllophano uudergofvs very c3onsiderablo expansion and contrci'’.bio i on damping 
and drying. This i)roperfcy was iuvostigatod. tt) find out) to whxb oxbjn'i ib ould b) 
used for tho eonstnKdion of a hygroiiDbor. Tho rosiilb of th33J invo!;bigabionj osbibli- 
shod (1) that a linear relab ion exists between tho longlh of a coUophano sbrip and the 
vapour pressuro of water vapour, (2) tiiat the tornporaturo offoct on tho length was neg¬ 
ligible (;i) lihat tho values of a and /3 tho ratio of tho maximum woight of water vapour 
absorbed to tho woight of dry collophano and tho ooolficiont of hygromebrio expansion 
rospoctivoly aro 0 *5 and 0 *073, Theso aro high when compared to other hygrometrio 
substances. It is thoroforo oonoludod that tho subsbanoo is eminently suitable for use 
in tho construction of hygrometers. 


61. On tho derivation of adiabatic relations for a real gas. 

V. N. Kblkae, Poona. , 

In tho proflout paper it is pointed out that in d 0 riv‘:.g tho adiabatic relations for 
a real gas both tho laws of thonnodynamios (first & nd) are not n^co3sary as ha? 
boon stated in stand an I text books of boat! and a .. pie and straight forward deri¬ 
vation is given on the assumption of tho iirab law c-ly. Taking Van dor Waals’s eq¬ 
uation, a ty])ical ociuatiou of state for a real ga?,- tho relation obtainod botwoon pressuro 
and volume is 




a. 


y -f- 2) Qih 

(i-y) ■ 


, sss Constant 


and that botwoon volume and iomporaturo is 




a{v--b)y ,7 a _y(y+2) ah 

liv^‘ (3-y) ‘ 


— Constant. 


Tho relation botwoon pressure and tomporaturo being complicated is obtainod as an 
approximation 


L vCy-i) _W+2) 

*^'(2^yr* Es'Ta-'y '(3‘-y) * RaT’"''y'^ " 


Constant. 


52. Elastic Impact of Pianoforte Hammer. 

R. N. Ghosh. 

This paper summarises tho dynamical theory of Impact of felt hammor upon a 
distance (x from ono fixed end such that reflected wave from the other distant fixed 
end does not reach the striking point during the time the hammer is in contact with 
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thfi string* oporjitionoil mothod loiidf^ to tx wolution in tlio forn\ c)f h 

consistine of incommmsiirahU terms with damping cocjjklenfs irnmmng with thr> order 
of the tern and tending to a limiting value. In the vmo of hard hammer the damping 
coefficients decrease and the terms are very much loss inoommcnsiimblo. l^lioso arc^ 
the essential differences between tho two cas(3s that load to Hinoothouing down ot tlm 
pressure and time curve between tho hammer and tho string. 


63. Air Flow near Reed Vibrator 

R. OlIATTBErRM. 

The paper gives an account of tho osporimontal work dt^tormining air How ami 
pressure as air flows out through 1) chinks in a steady rood and 2) a vibrating rood, 'rho 
velocity of flow is determined by hot wii’o anemomt^kn’ and tlu^ prossnn^ by a smiHitivo 
inclined manometer in the case of non-vibrating rood. Tho iHoi)ars iudioato a n^gion 
of low pressure near tho reed and also a deproasion at a height of 1 *5 cm. af)ovt3 tho rei^d. 
In the case of the vibrating reed the pressure is detected by a prossuro probe fitted 
to a microphone and a rectifier. The maximum value of pn^ssuro and velocity iUll 
at the same regions indicating that tho prossuro is negative. Kxporimeuts are in pro¬ 
gress and it is expected fuller details will bo availbale in a short time. 


54. On an analysis of Newton’s second law of Motion 
Naeayan Misea, Cuttack. 


The second law states that the rate of change of momentum is proportmml t<o tho 
impressed force and takes place in tho direction in which tho forego act<.s. I’hc' aiincnid 
ment suggested is that tho word ‘proportional’ should bo subslitubod by tlie word ^Mpiar. 
The second law is represented by tho equation P =» Km f. Tlio various nK^thods emp¬ 
loyed to determino tho value of K havo boon shown to bo wrong. The clause of tlvi 
failure of all attempts to detormino tho value of K has been shown to bo the fact that 
it is impossible to find K so long as P is found in terms of m f, i.<3. in terms of rate of 
change of momentum it develops. Prom tho equation K~ P/w/itmay bo seen that 
K cannot be found unless P and mf are moasurod indepondontly. Porco has boon shown 
to be nothing but a rate of change of momentum. This conception of forcjc^ provides 
a new method of finding the value of P. A comparison of this indopendont value of 
P and the rate of change of momentum developed by P shows that K is unity. Tho 
equation P=Kmf» then becomes P=inf. So it is necessary to amend tho law as 
suggested.. 


Spectroscopy 


55. Hiifccliisson*s Band Intensity Theory and Q.j, (Swan) Bands in Flame 
Sources : Part I, Oxy-ooalgas flames. 

N. R. Tawdh and J. M. Patml, Bombay. 

Theoretical values of intensities in Swan bands havo been csiilcmlatcMl toe (Ij (Swau) 
system by using Hutchisson’s intensity integral in the manner done jireviouHly by I’awdo 
and Patankar in the case of N* second positive bands. (Proc. Phys. Soc. 55, :h)0, 
194:3). These havo been compared with those detorminod oxporirnouUdly by photo¬ 
graphic photometry for several oxy-coalgas flames (having coalgas and (»xyg(m mi.x( 3 d 
in the ratios 1 *2, 2 *0, 3 *0, 4 *0, and 5 *0). It has bean noted that cxporLinmital results 
tend to show better agreement with theoretical values (a) for bands with lower vibra¬ 
tional quantum numbers, (b) when quantum numbers are interchanged and (c) for 
flame having fuel and oxygen in the ratio 4:1. 


56. Hutchisson’s Band Intensity Theory anrf C, (Swran) Bands in Flame 
Sources ; Part II, Air-coalgas Flames. 

N. R. Tawde aad J. M. Pateu, Bombay, 

As a continuation of tho Part I of tho invostigation, flames produced under uniform 
conditions of ooalgas mixed with oxygon in ono case and coalgas mixed with air in tho 
other have been mvo^igated. Tho fuol-oxygen or fuol-air mixtures arc taken in the 
ratios 1 *2 and 2 ‘O. The theoretically predicted intensities when examined in relation 



179 


Physics 

to oxporimontal results rovoal inoroasing departure between the two as air replaces 
oxygon in tho fuel mixturo. Attempts have boon mado to explain this and other re¬ 
levant phenomenon* 

57. Hutchinson’s Band Intensity Theory and Cg (Swan) Bands in Flame 
Sources : Part III, Mokor Burner and other Common Flames. 

N. R). Tawdb and J. M. Patel, Bombay, 

Further theoretical nspootM of intensities of Swan bands in Meker burner, Bunsen 
burner and primus stove have boon examined. Tho Mokor burner fiamo has been investi¬ 
gated under two conditions i.o, (1) burner fully open to air and (2) burner practically 
open to air. Bosides tho experimental study of the intensity theory, many other points 
about tho namoM, viz. onorgy oqTiiUbrium, chomiluminisoonoo, etc. have boon examined 
and discussed in tho light of tho results. 

58. Behavior of mercury liuo spectrum in presence of foreign gases. 

N. R. Tawde and K. S. Korgaokab, Bombay 

While studying the effect of oxygen on nitrogen band spectra, our attention was 
drawn to tho weakening or strengthening of certain omission linos of mercury (present 
as impurity) as a result of tho prosonco or absence of these gases in the discharge tube. 
It was noticed that while nitrogen is practically neutral towards tho mercury spectrum, 
oxygon or air quonoh tho spectrum to a marked dogroo. Tiio intensity of mercury 
linos undergoes qui(dc rodueddon and goes below about half tho original intensity when 
the pressure of oxygen is ai)Oiit I mm. Tho fall in intensity is confined to almost all 
tho lines and not rm^ndy to tho resonance line 2537 A. Tiiis problem has boon pursued 
quantitatively by talflkig the photographs recording tho maroury linos at vatious known 
pressures of these foreign gases. 

69. Study of Swan Bands in Under-glyoerine Spark. 

N. R. Tawde ani K. Gopalkrishnae, Bombay. 

It is well-known that a condensed spark between carbon electrodes under glycerine 
gives Swan bands. When producing'these* bands by this method, it was noticed that 
they undergo relative intensity changes as a result of change in the conditions of ele¬ 
ctrical circuit causing tho spark. In order to study this aspect in terms of energy 
reactions going on in the spark in presence of glycerine, quantitative study of the en¬ 
hancement of Ca and OH bands among themselves or with respect to each other has 
boon undertaken by change of electrical conditions. Control and knowledge of precise 
electrical conditions offered some diifioultios. Attempts have been made to solve them 
Preliminary qualitative observations have shown somo interesting results. 

60. Production of Swan Bands in Discharge through Co. 

N. R. Tawpe and M. G. K. Menok, Bombay. 

In view of tho fact that Protty obtained Swan bands by passing condensed dis¬ 
charge through CO, we tried to produce those bands from CO, using undamped elec¬ 
trical oscillations from a valve oscillatorjr circuit to excite tho discharge. The spectrum 
in this case, was ,howovor, found to consist of only CO (Angstrom system). It is known 
that Bwaxx system is favoured generally at highor pressures and h.f, discharge is not 
usually possible at relatively high pressures of the order of 2 to 3 mm. of mercury. Oon- 
soquontly, tho discharge was excited by damped olectrioal oscillations using high current 
density. As a result Swan bands appeared along with some Angstrom bands. To 
BOO if Swan bands could bo suppressed, pressure was varied and it was found that with 
pressure reduction. Swan system became weajker and weaker and Angstrom bauds 
of CO became very prominent. Attempts are being made to observe the critical pre¬ 
ssures at which one system or the other could disappear. 

61. Distribution of Keld in H. P. Discharges. 

N. R. Tawde a?id O. K. Mehta, Bombay. 

The distribution of potential between the electrodes of h.f. discharge undergoes 
considerable change as the pressure of tho gas is reduced. At higher pressures, there 
is an accumulation of positive space charge noar tho electrodes where tho major fal 
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of potential occurs. At lower pressures tho distribution of potential is entirely di fforont. 
Theoretical considerations regarding tho possible distribution of potontia,! Ixvforo and 
after the striking of the discharge agrees well with our olxsorvations on h.f, discdiargos. 
The fact that it is unnecessary to postulate any other ionisation nxH'hanism than that 
due to electronic collision and that there is small loss of earriors du(^ to t-ho osiullating 
field, make the study somewhat simpler but intorestiug. Our <^xp(unnuuits in this 
direction throw much light on tho mechanism of tlio discharge. 

C2. Study of Polarisation of Pluorosccnc.o in Dy(vsi»ulTH. 

N. R. Tawdiii and N. Ramantatitak, Bombay. 

The polarisation of fluorescence of dyo-stuffs in solution lias boon inv(^Mtigat.od 
in terms of tho viscosity, concentration and ttuupt^rature orh^cts. dyostuffs for 

which so far no observations are available, hav(» boon chosnn for tho st-udy. ,harg(» 
number of cases of variations in polarisation arc generally in accordaneo with rtvHuU.s 
of previous workers. But some cases of divorgonco have also hoon noted. '^I’hoso (iasos 
of divergence are being more thoroughly invostigaiod and oxaminod in tlu^ light of th(^ 
recent theory of Vavilov, 

63. Note on the limiting mass of a rotating white dwarf, 

G. BANDYOTADHYAy. 

Chandrashekhar has proved that tho mass of a wliilio dwarf star c intiot oko 
a certain limit. The present nofco examines if this condition is changixl wli m tho whito 
dwarf has a rotation. Investigation of cases whore tlio rotation is not viuy largo (\vhi(di 
would imply rotations slower than thotisand tinms tho roation of earth) il. is provixl tluit 
there exists an upper limit to tho mass of tho rotating white dwarf whic.h is t^xardly 
identical with Chandrashokhar’s limiting mass. It is further shoAvn that tho masses 
of the rotating white dwarfs approach this limit from below. 



SECTION OF STATISTICS 

l^ai'jstDRNT ; S. N. Koy, M.So., F.N.L 


Theoretical Statistics 


1. On the Moments of the Mean Deviation in samples from a Normal 
population. 

S. Janabdana Atyee, Trivandrum. 

The Standard error of the Mean-Deviation ?? defined by 


V 



2) 
i t 



in samples from a normal popiilatioti has boon derived by B. A. Fisher. In this paper, 
by the appliesation of Charaotoristio l<\n\ctions tho first four momenta of v have 
boon obtained. 


2. On a class of Integrals occurring in Statistical Problems. 

S. .Tanardana Aiyee, Texvandrum, 


In many statistical problems integrals of the type 


7cx^ 

n* CO n 


J c ^ dv 

0 1 



whore 7c and n are positive integers occur. It is extremely difficult to obtain the 
(^xact valu(3 of this inbt^gral and tho ovalaation of such integrals is usually by means of 
fjuadrataro. PoarHOix ami ITojo have obtained by quadrature the values of this integral 
for particular values of A? and n, tn this paper, a differential difference equation 
Htttisfiod by I(/o; n) has boon derived, which may bo used for its evaluation. 


I (7c ; n) satisfies tho relation 
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3. On the Moments of Mahalanobis’ statistic. 

D. P. Banebjt, Mymonsingh. 

Mahalanobis’ statistic is the square of tho gonoraliBotl distanco, Horo tho <nomon.ta 
and generating function of tho momonts havo boon found with rospoot to Dj, 

4. Bias in Double Sampling Tochniquo. 

(Mrs.) Chameli Bose, Calcutta. 

The different aspects of double sampling technique havo boon diaoassod by tho author 
in SankJiya, June, 1943 and in the thirty third session of Indian Soionco CougrosH 1940. 

The present paper works out tho bias in some of tho dilToront sampling prexjoduros 
involved in double sampling technique. This bias, found to exist for soino typos 
and sub-types of double sampling technique, is duo to certain constraints implicit in 
those types and sub-types. 

5. An Application in the Multiple Factor Analysis. 

P. K. Bose, Calcutta. 

In “ Studies in Educational Tests ITo. 3 ’’published in Sankhyaf^ Vol. 1, tho authors 
tried Spearman’s *‘Two Factor Theory’ for the analysis of marks in different subjects 
in the School Leaving Certificate Examination of tho United FrovinooH for 1919. But 
as the various tetrads combinations differed significantly from zeroes, tho method 
failed. 

In this paper an attempt has been made to uso Thurstono’s method of ‘hnultiplo 
factor” for the analysis of the above data. It may bo mentioned that tho tests are no 
properly standardised mental tests, so tho interpretation of all tho factors is not possible. 

6. An Approximate Method for Grouping tho Characters in Anthropome¬ 
tric Measurements. 


P. K. Bose, Calcutta. 

The B-coefficient defined by Holzinger may bo written as 
B(zO«200(w-p)S/(p-l)T 

where the symbols on the righthand side havo thcii* usual signifieanco. Tliis oooffieiont 
has been used to group the characters on tho basis of their inti^r-eorr(datiouH. Tlio 
Rouping begins by selecting two characters which have the highest eorrolation, to this 
is added the variable for which tho sum of tho correlations with tho preceding is highest 
Continuing the above process we can finally fix \i,p tho groupings. 

In anthropometric measuremmts wo measure various characters. If wo can mako 
suitable groupings of these oharaotors by a study of thoir intor-corrolations then for 
the final statistical analysis wo can considerably diminish tho number of oharaotors 
by taking one or two characters from each group. 

The sampling distribution of B (w) is not yet known but still using tho B-oooffioiont 
we can approximately group tho characters. 


7. On the Inadequacy of Measuring the Pcakednoss of a Distribution curve 
by the Standardised Fourth Moment. 

M, 0. Chakrabaety, Dacca. 

The con^on practice of determining the poakedness of a distribution curve in 
relation to the corresponding normal curve by the standardised fourth moment 8. is 
known to be defective but the gegenbiespiels cited are rather pathological in character 
and ^y seen to be feats of mathematical gymnastics. Tho paper demonstrates by the 
distribution curves of simple statistics derived from well-known population that tho 
peakedness of the distribution curve in relation to tho corresponding normal curve 
cannot be determined by the sign of ^ ^ 
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84 On tlio Miasing Plot Technique. 

Anukul Chandea Das, Calcutta. 

liy Finliorian tochniquo wo arc to find out tho sum of squares due to error and 
tliat tluo to troatmont plus orror by putting soino unknown algebraic quantity (Y) 
for ilu) missing values; taking thoir. miniinisod values with respect to Y’s thoir esti¬ 
mates arc obtained, lloro it is shown that tho Fisherian tochniquo will ultimately 
load to tho same result as would have boon obtained by the general theory of tho ana¬ 
lysis of variance witlmut taking tho missing plots into account at all. 

9. The Analysia of Variance in a Multivariate case. 

Anukul OxrANDRA Das, Calcutta. 

For a I)-variate caso tho sum ofp variates with certain weights are taken to repre¬ 
sent a resultant univariate. Tho F or is calculated and maximised with respect 
to tho combining weights to give the multivariate generalisation. Hence follows : 

T/iCo, 1. Tho multivariate gonoralisation of F for two spaces of rank and Wg 
is given by the roots of the determiiiantal equation same as in the case of the p stati¬ 
stics whou tho sample co-variancos between any two variates are given by thoir sum 
of product per d. f. along those two spaces. For ^,= 1 FIP ia the same as tho T>r 
statistic. 

Theo. 2. In tho normal caso tho p roots F of Thoo. 1. follows tho distribution of 
p statistics with dogroos of freedom equal to tho rank of tho two spaces and for ni=»l 
FjF follows tho l)j 2 distribution with n, d. f. 

Tho more gouoral case than tho double classification can be arrived at as a corollary. 

10. On tho Ca 4 ionical Multiple and Partial Correlations* 

Anukul Chandra Das, Calcutta. 

Starting from tho concept of multiple and partial correlations, certain generalisa* 
tons have been made. 

Applications of these generalised co-efRcients have been discussed in various 
problems in statistics. 

11. Double Sampling with Many Auxiliary Variates. 

Birbndranath Ghosh, Calcutta. 

Tho various applications of tho teclinique of “double sampling” with one anxiliary 
variate have boon discussed by Cochran (1939). Tho most usual method is to take 
a small sample of siiso n in which tho variate to bo estimated 2 /» and auxiliary variate 
a;, (linearly correlated with y) are recorded. In a second sample of larger size N only 
X is recorded, which is oasior to onumerato than y, Tho estimate for tho moan value 
of y in tho population is given by 2 /—a,, -l- 6 n (£Cn- ia), where a,,, and are estimates 
from smaller sample and irjjf is from tho larger sample. 

If instead of a single auxiliary variate x, we take h variatos of the same type 
Xj,..a 7 j(, tho estimate will bo given by 


2/»aH4-2J bi (aJiN—jKiu) 


It can bo easily shown that this will be an unbiased estimate and its variance, will be 
given by (with largo sample approximations) 


V(I--R=^) 




<7i®4-2 21 


S I3i Pi <ri iTi Pii 

i-i+i 


) 


where aj® is the variance of £Ci, Pjj is the total correlation coefheient between Xi and xj, 
jSi is the population value of 61 , R is the multiple correlation between y and 



i84 Proc, SSth hid. Sc. Cong. : AhMrmU 

12. Tests of S’gnificance based on Conditional Probability. 

H. K. Nandi, Calcutta. 

In regression and other problems it is assumed for applying a test of siguifieance 
that some of the random variables are constant. In fiK^t, this asHumption in not 
ary when the distribution of the statistic which supplies the tivst of Hignifif^auco, is in<le)>- 
endent, on the null liypotliesis, of the distribition of the mndotn vai'iables whitsh are 
held constant—as is tho caso with the simple and multiple rogiHwion and c.omdatiou 
coefficients. Tho power of these tests, however, will bo u.ffe(f,i(Ml by tlu» distribution 
of these variables and it has been found in this paper tliat tho t atid A’ tiOsts for simple 
and multiple regression and coorrelation coolEcients retain tluur optimum i)ropertios 
in a wide class of distributions of the random variables bold constant. 


13. Sequential Tests of Composite Hypotheses. 

H. K. Nahdi, Calcutta. 

The chief importance of a sequential tost lies in tho reduction of tho avorag(^ amount 
of sampling necessary for coming to a decision at a (sertaijx Itwol of risks," Such a 
test is available in testing a simple hypothesis against a si!nx)l(^ altiwnativo. In ease 
of composite hypotheses, however, tho formulation of a tost procedure has boon made 
to depend upon a risk function which docs not, in most castes, load to a sohition. In 
these situations, it is shown in the paper how Noyman-I\^arson’s optimum critical n^giotis 
can he utilised in evolving sequential tost proooduroH and what pocuiliaritios do they 
impress on the Operating Characteristic and Av(U‘ago Sampler Kumber ciirvos. It is 
found that (i) the ratio of the probability distributions of a statistic can bo availed 
of when the statistic is distributed normally with a variance o(l/n) and (ii) the xinbiassotl 
critical regions play an important part in controlling tho Operating Characteristic and 
Average Sample Number curves. 


14. On the Mean and Mean Difference of symmetrical observations in 
a sample from a Normal Population, 

K. C. S PiLLAi, Trivandrum. 


la this paper ae^ributioM of +*,)/2 aad (a,..,*,-a!.)/2 are obtaiwl as 
senes, w bei^ the t-th observatioa m aa ordered sample of size n taken from a normal 
X rap^ity of convorgoiico of the sorios has boon observed by considorinff 
the first few terms of the series for different values of n and i. ^ ® 


16. On T-test in ordered samples from a Normal population. 

K, 0. S. PiLLAi, Trivandrum. 

In this paper the simultaneous distribution of the contro and tho 

mean range is obtained in tho form: 


P (M, ( 2 /ir)<u-s)/i>e-n(W»-|-M»)y 2 Wu•»[]?„(»», w) 


+P,(n, w)M‘+. 


• ] 


where Pi (n.w) are functxoM involving n and even powers of w and x, and s!., oro tho 
^ and last observations ordered sample of size n taken from a normal popula- 
correlation coefficient between M and W is observed to be zero l^om 
P{M;W) the disWbution of T=M/W has been worked out. iC five per Web S 
significance of T have been calculated for small values of n. ^ 


16. 


Su£S.cieiicy and Testing of Composite Hypothesis. 

S. N. Roy, Calcutta. 


it, « shared suffloiont set of statistics for all the parameters of 

mild restrictions the existence of uiSformly most 
powerful test of a simple hypothesis and vice-versa. The present paper shows that 
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ill ilio caso of composite bypothosis (i) a shared sufBoiont sot of statistics for the free 
parameters onsuros the availablity of valid tests for the fixed parameters of tho com¬ 
posite hypothesis, (ii) some further restrictions (discussed in tho paper) on the form 
of tho probability doasiby function in tlio sample space ensure tho existence of the most 
powerful tost with regard to any given altornativo, while (iii) yot further restrictions 
in terms of sufTicuoucy (oxplainnod in tho paper) onsuro that this most powerful test with 
regard to a particular altornativo should also bo uniformly most powerful at any rate 
in a sligiitly oxtondod sense suggostod in tho paper. 


17, On an Optiniiim Property of Multivariate Tests obtained from Linear 
compounds. 

S. N. Roy, Calcutta. 

In papers offered to earlier sessions of the Indian Science Congress the author dis¬ 
cussed the optimum property of the multivariate tests developed earlier by him and 
and others, in terms of average power, the weightage for averaging over parametric space 
being often related to Bhattaoharya’s ‘distance function’. Tho tests themselves, 
as is well-known, wore obtained by a process which consisted in taking a linear oompoimd 
of the variates, treating that compound as ono variate, setting up the corresponding 
well-known optimum univariate statistics for the different hypotheses, and maximising 
with regard to tho compounding co-efficionts thus ultimately loading to quantities defined 
in terms of tho observations (and somotiiuos also of tho hypothesis). The present paper 
(i) shows that in a certain sense and under certain limitations (explained in tho paper) 
thoso tests aro also locally most powerful and locally unbiassed, and (ii) also discusses 
tho mathematical mechanism by which tho ‘maximisation process’ leads to tho optimum 
property in question. 

18. On the exact Distributions of S. S. Wilks’ and L^c criteria for 

testing hypotheses. 

K, Bhaskaba Vabma, Trivandrum, 

The paper deals with a method of deriving the exact distributions of certain sample 
criteria for testing equality of means, equality of variances and equality of covariances 
in a normal multivariate population of k variables, on the basis of a sample of size n, 

Tho sample criteria have been developed by S, S. Wilks—-by the Neyman-Pearson 
Method of Maximum Likelihood Ratios and the exact moments of these test criteria,, 
when tho hypotheses aro truo, have also boon worked out by him. These moment, 
functions involve Gamma functions ; and tho exact probability distribution functions 
aro too complicatod, except in the cases whore A;=2 or 3, For ^ such cornplicated, 
cases, approximate distributions have been derived; but there is wide dispartity 
between tho approximate and exact distributions. 

In this paper, tho oxact distributions of Lmvo and Lvo have been obtained from 
which tho values of Lmvo and Lvo corrospoiiding to any given level of significance 
may bo found out with any desired degree of accuracy. The values of Lmvc and 
Lve at tho 1% and 5% levels for different values of k and n havo also been tabled. 


Vital Statistics' 

10. Studios on tlio Sampling Procedure for a General Health Survey. 

K. K. Mathbn, Calcutta. 

Tho application of the standard methods of sampling to a general health surve^C 
is discussed on the basis of experience gained in the course of the health survey carried 
out at Singur Health Centre Ai-ea under Dr. R. B. Lai. The claim of family as the unit 
of sampling is examined, Circumtances which disturb the randomness of a sample 
are given. Chief among those aro tho biases introduced by the absence of people at the 
time of survey and refusal of certain sections of the population to submit to certain 
olinioal oxamiWoiw. Tho huwjourjwy introduced hy the 

with regard to lustory of sioknoss during the previous year, is also studied. Certain 
corrections for these inaccuracies are suggested. 



20. Decrease of Sex-ratio iu order of Birth. 

N. T. Matuhw, Calcutta. 

A study of tlio I’ocordH of tho ago c.oirtpOHiiioti of aboiil. 5tM) working ('Ihms finuilitv-t 
from Bengal iwoals that tlKU'o in a .stotuiy tlooroaHt^ iu tho proportion of nnh^ oliiidron 
when tho order of brith inor(^aHtV:$; tho sox-ratio among fii'Ht l>oru Irdug r>7.1 and tim 
ratio among children of birth-ordor iiino and above bt'ing 15,5. It Ini-u bium uliown 
that tho downward trend is wtatisticiiUy Higuiliciant. The rowdt haw luH'ti eoufirnKMl 
using published podigroos from ofcbor couutrioH. 

21. Statistical study of tlio iudiunico of ago, height, wt^ighi., tlitds niarii.al 
status, and religious commuTiity of persons on their blood pressun', 

N. T. Mathkw, Calcutta. 

In this paper which is based on detailed inoasuromontsof 2,S1)0 p.uMoin from Bengal, 
the relatioii between blood prossuro and tho above-montionod ra(‘-tt)rs liavt'i boon ana¬ 
lysed. It is shown that systolic prosHuro inoroasoH steadily from age S reaching a maxi¬ 
mum at about ago 19. Thereafter there oeciirs a slight fall an<l from ago iir> onwiinls there 
is probably a very slow increase. It is doubtful whothia* diastolic, pnwsure has ai\y pro¬ 
gressive trend with ago. There is fairly high correlation Iv^twcum blood pn^Hsun^ and 
weight, the co-officient being 0T9. Tho corrohitiou botwoon blood pnwure and height 
is small but positive. There is an apparent difTia'onco botw( 5 («x tho average blood presnuro 
of Hindus and Muslims, Hindus having higher blootl but oti cdovser oxamiruition 

this difference is seen to bo duo to factors other than community. CJontrary to pnwi- 
ously reported results, vegetarians show higher blood pw^Hsuro than noa-vogorarians. 
Among Hindus married persons appear to have higher blood presHun^ than un-married 
persons before tho age 28 and lower blood pressure after that ago. Among MuhUius married 
persons appear to have higher blood pressure than un-married persons at all ages. 

22. The Problem of Statified Sampling in Human Population. 

S. Jan ABB AN poTi, Calcutta. 

In economic enquiries as well as in vital statistics problem, tho problem of osti- 
mation of the number of individuals possessing a certain spociliod oharaotor in a given 
population often becomes necessary , If tho total population is scattortxl in. tho form 
of units or groups of varying sizes over tho area which tho populatit>ix inhabits au<l tho 
number of individuals inhabiting each of those is known apriori, as is tho case of village 
population, tho method indicated in this paper can bo very fruitfully employed iu tlio 
designing of sample surveys. 


Economic Statistics 

23. Improvement in the economic condition of tho Bengal cultivatoi'a iit) a 
result of Debt Conciliation Act. 

D. M. Ganoxjli, Calcutta. 

< ,• 5.®’^* Conciliation Act was passed by tho Govt, of JBongal iu 1035.3(t to give 

Srehef to the ^loultTOst an.i it is believed that their ooonomio condition iinprovod 
a s a result of tliM. To eicammo this point figures for tho arrivals of iuto into Oaloutta 
were examin^. It is presumed that if the economic condition of cultivators had actually 
mproved, their holding power ^ must have incroasod and oomparativoly loss jute, 
the m^t important cash crop of Bengal, would be sold during tho first part of tho year! 
Such decrease in sale may also be due to fall in prices. As figures for actual sale aro not 

1928-29, 1029-30 to 1933-36 and 1930-37 

to 194:2-43 and prices of raw jute for the same period were examined for tho purpose. 

o there was a heavy fall in prices during tho second period as com- 

p^d to the &st and the seasonal for the arrival figures for tho second period had a 
^gpifloant shift toward^ the right as compared to tho first. This is as wo oxpeotodt 
Prices again rose during the third period as compared to tho second but there was no 



187 


shift betwoon tho soasouals of jute arrivals for these two periods showing that the holding 
p owor of the cultivators have actually inoroasod and tho two opposing forces—^high 
prices and improved ooonomio. conditions—oountorbalancod each other, 

24, Trend of bullion prices in India and abroad. 

T. Gttosb, Calcutta. 

During tho past f(^w years tho increase in biilliom prices in India has surpassed 
all previous records with the result that Indian prices stand at a very high level in re¬ 
lation to prices ruling at important bullion centres of tho world. The reason for this 
have boon fully discussed. ‘Production, stock and prices of bullion, especially of silver, 
have b(wn analysed. Attempts have also boon made to estimate tho future price 
structure of silver but it should always bo romombored that such an estimate is never 
complete due to tho prosonoo of the throe unlcnowns in the demand curve for silver via:., 
(1) future hoarding of silver in India, China and other Asiatic countries, (2) U.S.A. 
‘silver bloc* future position and (.3) future industrial use of silver with the advent of the 
atomic ago. 

Correlation between total production of gold and world economic activity dem¬ 
onstrates that tho total activity is expanded at the rate of 4% per annum while the rate 
of gold output has varriod botwoon 2 to 3%. The tentative conclusion is that unless 
gold production is brought in alien with economic activity there is little likelihood of 
a fall in gold prices from its present height; or unless gold is completely thrown out of 
iufluonoo from tho field of monetary mechanism of tho world. 

Tho discussion has boon pushed a libtlo further to ascertain whether International 
Monetary Fund should stabilise world silver prices by bttying and selling silver at fixed 
price in terms of dollar or of gold to bring about monetary and exchange stability of 
tho mombor nations. 

25. A statistical analysis of Family Budgets relating to subordinate 
Government servants in Trivandrum. 

N. Gopalakrishnan Nair and E. Nblaytjdhan Nair, Trivandrum, 

A representative sample of tho family budgets of sub-ordinate Government servants 
in Trivandrum has been analysed with a view to ascertaining how the total expenditure 
of a typical family is distributed under various heads. Tho total expenditure under 
different heads per equivalent adult have been calculated for each family and the budgets 
are classified into four oxpondituro groups based on the total expenditure per adult. 
The regression of each item on tho total expenditure has been measured for all tho 
groups separately to verify Engel’s Law of Expenditure. Tho relative urgency of each 
item of expenditure in a family has beon dortorminod for the different expenditure 
groups separately. 

Tho coofiioionts of variation in oxpondituro on different items, the income elas- 
ti(uty of demand for the various items and tho correlation botwoon expenditures on 
:ii(Toront food groups have boon calculated for all tho exp^-^nditure groups and relevant 
'liforonces drawn. 

!’.C>. A formula for tho cost of living index of a class for a region. 

A, R. Sen, Lucknow 

This paper attempts to build up a formula for the cost of living index for a region 
based on tho cost of living indices for the various homogeneous sub-regions. 

A definition of homogeneity of the sub-regions have beon given and the estimate 
and the error of the estimate have also been given. Even if the sub-regions are not 
homogeneous, the best estimate has been worked out. 


Agricultural Statistics 

27. Crop estimation in India. 

D. M. Ganguly, Calcutta, 

Acreage under a crop and its rate of yield are two factors which go to build up the 
total outturn of tho crop. In temporarily settled areas of India, the acreage figure 
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is collected through the Patwaris, which is considered to bo rolialdo and the highni 
values of the trade returns over the official oatiinatos are attributed to errors in oflbiiel 
estimates of yield rate, which are considered to bo iitidorestimat(^H. Ihit the work of 
of Dr. Panse in O.P. and Berar during 1944-45 and 1945-45 siu)w that the o(Tfl(n*al yield 
rate estimates are almost always higher than the actuals. M'bis dofiiiitely showH that 
acreage figures as collected by the Patwaris are gross under-estiinaitiotm (whi*;;^h in certain 
cases may be even as wide as 38 p.c.). Among thi^ pennaneuiily st'ittleil auMVS it is in, 
Bengal only that the problem was suc(*.ossfiiUy ta<ilded i)y Prof. Mahalatiobis by a nuuloni 
sample method. Figures for jute show that the ostimatc'is of Pro!. Malialanobis dilfiU’od 
from the actual based on trade returns by 3*0% in 1944-45 and by 0 •3^{, in 1945-40, 
The technique of determining tho yield rato by random Mamf)le tnoihod has boon 
more or less successfully developed by different Institutions iir India. A wider appli<‘.atu)n 
of these methods is the only necessity in this direction. But in case of area (vstimation 
no improvement worth its name has boon done except in Bengal and tho facts alr(M%dy 
stated show that tho figures collected by methods other than those basocl on random 
sampling are of extremely doubtful accuracy. Jiindnm Sam}>lo Mol>hod wbi(^h has boon 
successfully applied in Bengal may bo tried in other trac.ts also, and in tho^ totn]>orarily 
settled areas tho aervioos of tho Patwaris thomsolvos may poi*haps bo utiliHcnl for this 
purpose, 

28. Statistics relating to rotation of crops in Bengal obtained as a 
bye-product of sample survey of crop acreage, 

N. T. MATtiBw and AMA-bEN’Dij Gakouly, Oalciitta. 

In the sample surveys conducted in Bengal by tho Indian Statist.ic^al Tnsl4tuto dur¬ 
ing the years 1944 to 1947 for estimating tho acreage under difiirtuit crops, a <i(u*tain 
proportion of grids have boon kept unchanged from soason to snason. Thoso grids 
have been used in the present paper to study tho pattern of distribution of land under 
different crops, and also tho changes in this pattern from sciason to season. Intorosting 
results have been obtained for tho two districts Noakhali and Bangpur. 

29. Relation of ‘border-bias’ to size of cub in crop-cutting experiments. 

N. T. Mathew, Calcutta. 

Among the many problems which arise in tho development of a practial sampling 
technique for the estimation of yiold-ratos of crops, the problem of ascertaining tho 
most suitable size of sample-cub is a very important ono which has not yc^t boon fully 
solved. Considerations of cost and convenienoo make it dosirablo to use a sinall-si/t^ 
cut, bub the need of avoidiag bias (which is found to b(^ associated with vory suiall 
sizes) makes it imperative to use a size largo enough for the purpose. Tho ox'p(MMOuoo 
of the Indian Statistical Iiwbituo has boon that with sizes of about 100 stp ft. ami ovor 
border bias does not exist in tho cose of oroi)s like jutti, paddy, wheat, barley ott?. 

In the present paper tho results of a series of c^rop-cuitbiug cxprinvuits (ion<lu(5xicl 
on jute in Bengal in September and October 1947 with differonb sizes of out are given. 
It is seen that for the jute-corps, bias vaixishod oven with cubM smallor than 100 sq.ft. 
Some of the results of crop-cutting experiments in previous years arc also given. 


Educational Statistics. 


30, A note on the Reliability of Tests. 


P. D. Shtjela, Simla. 


fornu^ for eval^tmg tlie reliability of psychological to.‘jts(Tnt6lliganca 
Taats, Aptitude Teats etc), are time taking. From practical point of view it is neoo- 
ssary to have a formula which gives the reliability quickly and! approximately* One 


such formula has been worked out in this note which gives the reliability 
where <r is the standard deviation of the test. 

f an^f note that a fairly big tost, whose roliability-coeffioiont is 0 *6. 

isftot good for use and must be rejected, ^ ^ ^ f 
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Industrial Statistics. 

1. Statistioal Control of Yarn Quality in Textile Industry. 

G. D. Mathttr and B.Sabkab, Ahmedabad. 

The paper shows tho possibility of statistical control ovor yarn quality in textile 
manufacturo. 

In a ring spinning frame, it is not possible to bo got the desired count with 
ono sot of nia(‘.hino acljustmonts. Avorago count varies from time to time and constant 
adjustment is nooosaary to bring tho avorago count very near to the desired value 
subject to tlu^ condition that tho avorago count can be altered by a fixed amount by 
ovory turn of tho machino wheol. Tho minimum size of the sample for the detemination 
of the average, subject to different percentages of risk is considered. It is found that 
the sizo of tho sample n should bo given by 

4cr® 

^=3*-^ subjeot to 5% risk 

whore a= tho population S. D. of count 

u= the unit amount by which tho machine count can be altered. 

Control limits have boon found on the basis of 5% risk for any group of machines 
spinning a particular count. 

Tho paper also discusses control chart on variation in count, routine chocking of 
**Botwoon day’* and “Within day” variations in count. This also sliows a method of 
comparing as to how much variations aro being added up in individual spinning proces¬ 
ses so that any variation, signilicantly higher than normal, at any stage, can bo removed. 
Tho samo niothod is shown to bo useful for tho comparison of variations added up in 
difforoxit prooossos, in difforont mills or in different sections of tho samo milh 

32. A Note on the Location of Industries in India, 

D. V. Rajalakshman, Madras. 

Although varioxis factors have to be considered in studying the regional distribution 
of industries, statistical measures adopted to estimate the degree of concentration are 
based only on the figure of industrial employment. Different ratios are evolved to 
measure the location of industries taking into consideration tho industrial population 
of tho country and workers employed iu difforont industries. Since the war has 
influenced to some oxtont the employment position in different industries, an attempt 
is made in this paper to study the regional concentration of the important large 
scale industries in different provinces in India after the war by taking the employment 
flguros for factories in 1945. 

Defining tho location factor for a given industry in a given region to bo the ratio 
of tho poroontago of tho national total of tho given industry to bo found in that region 
to tho percentage of all industry iu the region, those* ratios and the coeffleients of 
localisation aro calculated for all provinces and for difforont industries. The effects 
of tho changes in omploymont on location for some important) industries are also 
studied in this paper by comparing with tho situation before the war. 




SECTION OF ZOOLOGY AND ENTOMOLOGY 


PRESIDENT : Pboe. A. B. Misba, D.Sc., D.Phil. (Oxon.) F.Z.S., F.R.B.S. 


1. Occurronoe of Isospom dirumpens Hoare in the intestine of the grass 
snake, Nakrix piscctior, at Muteswar. 

H. N. Eay and Habbans Singh, Muktoswar-Kumaun 

The occurrence of Isospora dirwnpem Hoare, has for the first time been reported 
from tho grass snake, Natrix piacator, in India at a height of 7,500 ft* above the sea 
level. The type species was reported from tho puff-adder, Bitia arietmu, occurring in 
Entebbe, Uganda. 

Tho site of infection and the structure of oocyst compared well in all respects with 
that of I. dirumpens except that in tho majority of sporocysts the residual body presented 
a scattered appearance rather than a compcwjt mass as described by Hoare in 1933. 

2. On a collection of Cestodes from marine food fishes of Trivandrum coast. 

P. Ramavarma Raja> Trivandrum. 

There are numerous species of Nematodes, Trematodes and Cestodes occurring as 
internal parasites in marine food fishes of tho Travancore coast. Of these Trematodes 
and Nematodes are very prevalent, while Cestodes have , so far, been found to be repre¬ 
sented only by throe species and three larval forms. Tetrarhynckm herdmani, Shipley 
and Hornell 1906, is now recorded for tho first time from the intestine of a shark {Ghiloa^ 
cylUum) the previous record having been only from Rhynchobatea djddmaia and Basy^ 
bates Walga. 

Cephahbothrium abruptum Southwell, 1911, was found in the spiral valve of Ptero- 
platea rmorura. The host was heavily infected and contained one hundred and twelve 
^ecimens. Gymnorhynchm malleus (Linton 1924) is a parasite in the spiral valve of 
Pteroplatea micrura. Though the general characters of tho specimen now collected, 
namely the arrangement of spines, muscle fibres, vitelline glands and eggs conform with 
the description of tho typo specimens, the head is much thinner and shorter. 

The larval forms include a collection of Plerooerooid larvae, larvae of Gymnorhynchm 
and cysts of Petrarhynchua, The Plerocercoid larvae were obtained from the mosentary 
of TricMwrUa aavala. Since tho intornal structure of this larva is indistinguishable, 
it has not been possible to determine the species to which it belongs. The Gyrrmorhyn- 
chm larva, also collected from the mesontary of Trichiurus aavala, evidently belongs to th 
species G* gigaa. Two cysts of Tetrarkychua were obtained from the peritoneal cavity 
of iMtjanua, This evidently belongs to VauUegeard’s first division of TetrarkyneJma, 
namely T. Ungualia* Similar cysts have been previously described by Shipley and 
Hornell from the peritoneal oacity of Baliatia mitia. 

3. Tube building organs of Polyobaetes. 

P. R. Sadasivan Tampi, Madras. 

DalyelTs account (1863) of the tube building habits of polychaetes has been mainly 
responsible for the wide interest among naturalists on this sybject, A few of the common 
tubicolous polychaetes like Diopatraf Dasychonct Hydroidea, Bahejlaria, Ohaetopterua, 
PhyUochaetopterua, Loimiat and and Nicolea have formed the subject for this study and 
observations have been made on the process of tube construction. The position and 
structure of the building organs and of the glands concerned in tube building have been 
determined* The structure of the tube building organs depends on the nature of the 
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md-torials with which the tubes are formocl. SabollhlH usually poss<\ss a oumplox buildinp; 
organ at the base of the branchial crown whom fino mud particles arc stored, mixed witli 
mucus secretion and passed out in the form of strings between a pair f»f parallel folds. 
In the Sabellarids and TerobelUds where the tubes am (uiniposcfl (>r santl grauis, they 
possess accessory structures with groat manipulative e.sipnii'ity. All tht> iiubie^olous 
polyohaotes possess glands usually situated on bh<^ viiutral si<le of the ani.erior part of the 
body which arc capable of scKU’oting largo <juantities of iuikuis. Isdpiug in the formation 
of the tube. Those glands are usualy grotips of HiU'.n^tory (Mdls wliieh^ may bo distin¬ 
guished from the simple octodormal gland cells. The various adaptation for tubicolous 
life also mentioned and discussed. 

4. Genital papillae (suckers) atid Spcrm-sacH in tlu^ pisionid Polychaoto, 
Pisionidms indica (Aiyar & Alikunhi). 

K. H. Altkunht, Madras. 

A detailed account of the unique plyc.haoLo Pmlomdms indka was given by Aiyar 
and Alikunhi (1940, 43). The present commuuic-ation ombexhNis the r<^sults of studies on 
the developmental history of such accessory structnrns In tlio inak) as the genital papillae 
(Suckers)* the sperm-sacs and the oopulatory organs. 

The genital papillae (suckers) make thoir appoarane.e only when tliO worm attains 
sexual maturity. Their resembalnco to the ventral sutdeors of bh^pharooerid larvae 
is striking. Full details of their structure and working aro giv<ni. 

With the formabion of the rudimentary genital fimuel in appoMitioii v^ifch the 
nephridial sweUing, the distal portion of tho nophridial duc^t gets hypertrophied ami sur¬ 
rounded by a thick muscular sheath. Tho colls of tho nophridial duct in this region 
get loaded with numerous refractilo granules. Tho oopulatory organ is formod (h notm 
as a prologation of tho body-wall at tho base of tho ventral (urriis whi(»,h gets flattened 
and foliaceous. The nephridial duct opoas at tho tip of tho oopulatory organ which 
is completely retractile. 

The homology of the sperm-sacs and the oopulatory organ is tho same as in tho allied 
genus Piswn6(AUkunhi, 1941 & 1947) 

6*. On Anophthalmus (Fam : Hosiondae)—A now genus of Polycliaotcs with 
descriptions of four new species from tho sandy boacli of Madras. 

K* H* Alikunhi, Madras. 

In ttie course of an investigation of tho fauna of the sandy beach, Madras, sovi^ral 
minute, blind Hesioned polyohaetos were found to btb fairly ccirnmon in tlio intor-tidal 
sand* The present communication embodies dosoriptivo accouutH of four irow spocios, 
all belonging to the now genus Anophihalmue, 

Anophthalmus gon nov. : 

. Minute blind worms, with 12 to 40 segments ; head with throe antennae, two palps 
and three pairs of tentacular cirri; .cirri without basal articles ; parapo<lia biraitious ; 
dorsal bristles simple; ventral set^ compound; anal pl^vto cither entire or bilid; 
with two long anal cirri; pharynx with a crown of papillae but without jaws ; and sexes 
separate. 

Anophthalm'us erythraeus n.sp. and A* splendem n.sp. differ from each other in the 
relative size of the tentacular cirri, in colouration and in tho stricture of tho anal plafco* 
A* longicirrus n. sp. is closely related to A elegans n. sp. from which it diflbrB in coloura¬ 
tion, relative size of tentacular cirri, nature of seta© and the anal plate. 

Full descriptions of the species are given together with a discussion on their relation^ 
ships. 

\ 

6. Osmoregulation in penaeid prawns. 

N. Kbsava Panikkar, Madras. 

In continuation of the studies on the osmoregulation of Falaomonid prawns, ( Journ.' 
Mar. Biol. Assoc. U. K. Vol. 25, 1941) investigations have been made on the adaptation 

osmotic behaviour of three penaeid prawns of commercial inportance on the Madras 
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Ooaflt). VIZ. Pmams indians, Milno Edwards, P. carinaim Dana and Metapmaeus monoceros 
Fabrioiufi. TIk^bo Hpocios arc' well known, for thoir tendoncy to migrate into ostnarieB 
anrl baokwator« and tlioir adu.ptalaon.al powers havo boen oxporimontaUy studied together 
with eorrosponding obsorvations on tho salinities of thoir natural habitats. Of the three 
B])ooios Mclapvhacui^ monmvros is tho ono which can survive tho highoyt salinity ranges 
both low as w(dl as high i.o, from about per inillo. to 50 per niille. Loss tolerant to low 
HalinitioH is P carhi(thfft wIumv' ns l\ mdlcn-ft has a comparatively limited range as it 
doHo ti(>t survive in tlu' low and high salinitic's tolerated by either of the above species. 
rr('liniirmry stud it's based on ery<»S(U)pic data si'om to indica.to that Metapenaeus moftocaroa 
is slightly hypotouit' to the OKtt'rnal medium while it is in normal sea water but that 
there is proiiouueod hyportonhdty in lower dilutions. Those results havo been checked 
with parallel sttidit's on tho rt'tontion of Chloride in various dilutions. Tho significance 
of those results on tho distribution of thoso species and tho general problems of osmoro- 
rogulation is discussed. 

7. Observations on the habits of Stomatopods. 

K. H. ALTKtTNirt, Madras. 

Though ono of tho characteristic groups of tho tropics, very littlo is known about tho 
life liabits of stomatopods. Obsorvatioas on the larval, post-larval and adolescent 
forms of s('voral species of tho gonora Squilla and LyaiosquUla wore made in aquarium 
tanks at Madras. 

Final pelagic larvae moult and metamorphose into post-larvae overnight in the 
laboratory, Tluj oxacjt pro(*.(\ss of moulting and the rapid assumption of post-larval 
features are fully discussed. 

Tho transparent pohigu' larva rarely has any chrom itophoros on tho body. On 
metatnorphosiug into the post-larva (!lu•omatophoro^ suddenly make thoir appoaranoo 
and got distributed in <}h{i.r*i.et('ristic patterns. If the larval oyo stalks aro out off, 
the formation of cUromatophc)ro.s is arrostod in tho resulting blind post-larva, 
which consequently becomes an albino. Though blind such spooimeus also thrive in the 
aquarium and undergo regular moults. 

Chatactoristic feeding habits of larval and post-larval forms aro detailed in the 
paper. Cannibalistic tendencies predominate. 

8. Note on tho metamorphosis of Phyllosoma larvae from the Madras 
plankton. 

K. H. Alikonhi, Madras. 

Though not voi\y (lommon, Phyllosoma larvao form a conspicuous item of tho miroo- 
plahkton of tho Mat Iras coast, particularly during Marcli. Early stages aro romarbitbly 
few in tho surface plankton, whilo tho final pelagic stage predominates. Puerulus occurs 
only rarely. 

As in tho case of ytoinatopods, tho final pelagic larva metamorphoses into tho post- 
larva, over-night in tlio laboratory. Eaiiy larvao also moult into lator stages. The 
post larval spooimons thrive in aquaria and grow by rogular moults , Tho mechanisms 
of larval and post-larval moults are doseribod in detail. 

Larval and post-larval stage of two species of 8oyllarus and a single species of 
Parmlirm aro dealt with in tlio present note. 

Correlation of larvae with tho adults on direct evidenco of metamorphosis is being 
achieved for the first time in India in this economically important group of decapod 
crustaceans. 

9. Observations on a copepod {Qaligus pterois sp. Kov.) parasitic on 
scorpion fish Pterois rmseilii (Van Hass). 

0. V. Kijbian, Trivandrum. 

OaligUbS pteroia sp. nov. is an ectodermal parasite on scorpion fish (Pterois russelUi). 
Attempts ^Vere made to induce the parasite on other fishes without success, thus indicating 
its tendency for a specific host, as in other caligids. The parasite lives on the blood ot 
the host and as such it is found to be detrimental to tho host, especially when infection 
is severe. 
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A systeinabic study of tht^ pamsito ahown that it is a u<nv spnoioH which rcscinbloa 
C. nifimaculatus Wilaou aud C. pagcti BuhmoII in tho gcuomi nhapf^ of tho 1)0(iv, But it 
differs from both thoao in tho airucburo of tho ajipondagoH. Tho mandible is long and 
slondor, having twolvo Biiiall serrations oai tho curved intior odgo fcowanls tho froo ond. 
Tho sternal fork consists of two blado-liko pnKwwsoH dirocttvl ha.(*kvvardH, wluoh^ aixi 
connootod at tho bases by a narrow bridg(^ 'fho iifbh and sixfih pairs of h'gs ar(^ visible 
dorsally as throo small sotao on each side at tho postoro-labia’al <u>rner of the g<aiital 
segment . In male tho abdotnou is two-iointod, tlw' distal one Ixung thrt^e atid a half 
times as long as tho small proximal joint. 

Tho roproduotive organs of the parasibo resoinblus those of (^aliglds. cases 

are long , containing about forty to fifty ogges in oatdi string. Tire oggs are colourless 
at first bub gradually booomo roddish-brovvu before it is liberated from tho egg {*,as(\ 
Tho embryo on extrusion from tho ogg case hate.lios o\ib as a nnuplm^^ after about atj. hour. 
Two naupliar stages have boon observed, tlie later stage being reached within il-l4 hrs. 
after the issue of the first naupliua. About 20 hrs. after hitching tlio oopapodld Ht;ago 
is reached. It swims about in search of a suitalilo host and clings to it by the second 
antennae which are largo and well-devclopod as clasping organs. After attaehiU(Hit 
it passes through four chalimus stage. Xix tho last clialimus tho sexes can bo difler- 
entiated and in the male tho roproduotive organs are visible in tho genital segment. 
At tho next moult, the animal gets froo from the frontal (Uanxf'^nt and attaches itself to 
the host by tho lunnulos and tho clasping organs. 

10. Sex diferenoes in four genera of copopodH parasitic on Indian iishoa. 

P. C. Gnanamuthit, Madras. 

The dilforcnce iix sox ratio observed among froo living copepods is !Xot so nxarkod 
in forms with a confirmed parasitic habit. DifCoreixedis in size neticoal>le iuiXiiug txon- 
parasitic copopods is greatly exaggerated in tho more dt^gem^rate parasitic forms like 
Lernaeopodidao, while it is not so marked in the loss specialised families like C)ali|.nda'>, 
The parasitic males possess nob only tho prelxeiisilo organ i (diarackirisbic of the speruns 
but also special devices for attachment to the females. Tlxo roducbitin iji sizf) of the 
male and greater development of organs of atbachmont arc specially noted iix Bomoloohm 
rmltisponosa and Clavellisa duammieria, in which tho males are dimunibivo in size and 
are attached to tho females even after fertilisation. Tho sox dimorphism of tlioso forms, 
as well as those of Lernanthropua duaswiiieria and Oaligua polycanlhi are discusv^od in 
detail. The sox differences in the Dioholesthid Lornanthropus, caoxxot bo explained 
as due to parasitism as such but rather as accentuations of dilToronoes ocouring in froo 
living fornxs due to gonadal activity. The differences in Oaligida appear oven in so 
late larval stages. Sex differences in the parasitic forms, may bo duo to the males 
being attached to the females and theroforoboing loss mobile, and not bocauwo of parasitic 
feeding, and also due to their sexual efdorescenoo while still at a low growth lovol. 


11. On the occurrence of Orangonids (Orustaooa, Caridoa) in tho cowtal 
waters of Trivandrum. 

C. V. KxjBXBisr, Trivandrum. 


The Crangonida are bottom dwelling Orustaooans generally found amotxg soa woods. 
Two species namely Pontophilua henderaoni Komp, and P, parviroalria kornp, wore coll¬ 
ected from the Trivandrum, coast while invostigating the bottom fauna within tho tiftoon 
fathom line. The former is represented in tho present collection by a few Bt>ocijixuns 
and the latter only by a single specimen. 

Though P. hendarsoni resembles tho typo specimen iix tho gouoral shapo and spooilio 
characters, certam remarkable differences have boen observed in tho structure of tho 
appendages. The thump of the sub-chola in tho first poraeopod is about twice tho 
length across its base and resembles that of Philocheros merjalooheir Sbobbing. The 
second peraeopod has the fingers more than double the length of tho palm and tho cons¬ 
trictions at the apices of the fingers are very indistinct. The size is comparatively 
large, bemg about double that of the specimens collected from tho Ohilka lake. It 
also possesses a remarkable colour pattern. 


The a^ty of P. with P megedoeUk is only superhoial ; the latter can 

be easily differentiated by the distinctive characters of the appenda^s. 

P. parvirmrU also shorn oertam difforonees from tho type spooimen described 
by Keinp. The of the sub-chela which is longer, the proportionato lengths of 

the joints of the first peraeopod differ and the sixth abdominal somite is sUghtly °mall«r 
than the telson, ^ 
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12. Ou two now apooies of Crabs from Travanoore, 

N. Kbxrhna PinLAT, Trivandrum. 

Thi« paper pfiVoR a brief aeeount of two now Hpocios of crabs colloctod while investi¬ 
gating tho crab fauna of the State. 

Ilumifi, flp. nov. belongs to the snb-family Aeantlionyehinae in the family Maiidao. 
Tho fiptjoies can bo easily <listingxixshocl by the following characters. (1) In front of 
the gastric tnbc^rc^lo thorn are two additiojxal dorsal tubercles. (2) Tho lateral expan¬ 
sions of the carapace are not so foliacooxis as in H. proteus. (<i) The rostrum instead 
of being simple and laterally compressed, shows a distinct flattening on its ventral side 
ending in a spoon shaped tip. (4) Thoro is no distinct pro-ocular spine, but the presen¬ 
ce of a Bupra-ocular ridge together with an ill dovolopod pre-orbitary tooth gives the 
impression of an orbit. This species usually lives among weeds on tho submerged 
rocks and boulders within tidal limits in south Travancore. 

Macrophthalmua sp. nov. belongs to the sub family Scopimerinao of the family Ocy- 
podidao. It differs from all known species of MacrophtJialmus and according to the key 
given by Tesch (1015) it comes between M. dilatatus and M, hfcvis resembling the latter 
to some extent. It lives on the mud flats forming tho shore of the back-waters in certain 
regions of the Ashtamudi and Vombanad lakes and is usually found along with Qelasimus 
marionis anti DotUla inycteroidcfi and other inhabitaiits of the mud flats. 

13. A collection of PyenogonidH from tho Vizhinjam coast. 

0. V. KcrRTEN. Trivandrum. 

This paper diseribes fc.ur spreics of Pycnogonids colloctod from tho Vizhinjam coast 
within tho 15 fathom lino, during a survey of the bottom fauna and botttom deposits 
of tho region. Though previously pycnogonids have boon obtained in the plankton 
collection (Moonam 1945), they are essentially bottom-dwelling animals, generally found 
among sea woods. Of tho four species in the present colloction, Parapallene hempi 
Caiman is tho only common species the other three are either rare or only casual visitors 
in this locality, 

PalUnopsis sp, resembles P, alcocM Caiman and P. crosslandi Carpenter in general 
appoaranco , but it difCors from both in the structure of tho fingor-like processes on 
tho legs and the abdomen. Hlach process bears 4-5 small spines on its sides and free end 
in addition to tho lot)g spine at tho tip. 

The spocimons of/tnopZofXfitc/'vVZIts cr/'6eWain.9 Caiman, differ from tho type in having 
tho second coxa of tho third log slightly shorter than the first and tho third joints 
together, and in having tho basal projection on tho propodus not strongly marked. 

P, kempi is proviously known from tho Orissa coast, Gulf of Mannar and Waltair 
and A, crihellatus from Andamans. A, pctiolaM has boon hitherto colloctod oniy from 
the hluropoan coast, Moditevranoan and Pacific and is recorded from Indian water for 
thofli:st time. 

14. Anopheley brooding in the ricc-fielcls of lower Bengal, 

P. Sen, Calcutta. 

Eleven apeoios A• hyreanus var mgeirrimm^ A . harbirostTis^ A. annularis, A, ramsayi 
A, palliduSf A, pTiilippinmsiSt A. tessellatus, A. varuna, A. oGonitus, A, vagus and 
A, suhpictuSf wore found to broed in the cultivated rice fields. Turbidity had no adverse 
effect on the last two spooios which were practically the only anopho lines that bred in 
fallow fields. 

A, hyreanus aand A, annularis appeared in the rice fields with the introduction of 
Seedlings, but they bred more intensively towards the close of the season when the 
water had stagnated. 

A, pallidus. An philippinensis and A, va/runa although of low prevalence, indicated 
preference for breeding in fields with tall plants usually 1' in height when the water 
was clear. 

The maximum amount of breeding in the rice-fields was noticed at 2^ to 6^ column 
of water, diminishing gradually after this. 

The only important vector species in the area A, philippinensis although of very 
Idw prevalence being below one per cent of the total catch in larval stage, was recorded 
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from a range of i" to I'C'' of clear water whon tho plants had grown I'^to 2' tall; A. 
varuna required a larger volumo, the minimum being and ma.ximum 2^ 

From to 2' tall plants gave the bost range for the development of the various 
anophelino larvae ; and beyond 2'6'' stage of rice plant tho important Hpo(uoH booatno 
scarce, 

15. *^Ecological studios on Odontotrrnicfi rodemanni WaBinann. 

I). Mukbejt and Prabitas kitmau Mitua, dah^.titta. 

Situations of the nests and infestations by this species have be(tn Htutlicvl. The 
range of pH of the fields infested by this species, in th(^ dam areas of Maiblion (f jaraikar), 
is from 6.4 to 7.0, tho average being 6.6 The structure of tlie t(M*mitiiriutn witii Hpe{nal 
reference to the fungus-combs has boon studied . The pH of tho fungus,-eon\l)M vari(vs 
from 3.9 to 4.3, the average being 4.06. Tho rolaiivo proportion of tho H<>ldi('rs, wcn'KOrs 
and immature forms calculated roughly, indicated tho ratio to bo 1:6!33. Tiio oolonismg 
activities of this species has been studied. 

16>/ Post-embryonic development of antonna of Bagrada plcla Fab. 

S. S. Saxena, Gwalior. 

Almost all the members of the family Pentatomidao (Homiptera- Fre^toroptera) possess 
five -jointed antennae ; similarly Bagrada picta Feb. also has livo-jointcd autenniic^ m the 
adult stage. But during tho nymphal stages tho antonnao remain four-jointed. It has 
been seen that during the n 3 nmphal stages tho pedicel continue,s to (dimgaio much inoro 
rapidly than other segments of tho antenna, but in th<'> adult stage it bc.H^omes shorfcetwHl, 
while segments continue to elongate as in tho previous stage,s. The natural infonmeo 
would be that the pedicel becomes divided into two segments and thus bocomoH shorl/inied. 
In fact it actually happens, viz. , a new segment appears in the achilt stage anti tims 
the antonna beeones five-jointed which was so far four-jointod. 

Hence it may be concluded that in B. picta Fab., it is tho podiool only which divides 
and thus a new segment is added to the antonna. 

How it can be generalised that wherever there is an inoroaso in tho antennal segment 
it is only the pedicel which divides. 

17. On the Occurrence of an interesting species of f^hrimp-fiKlx (Centrisoidac) 
from Travancore Coast. 

S. Natabaj, Trivandrum 

In March 1947 three collections of Shrimp-fish were obtained in tho Nonnavu madif 
a close meshed shore seine not used periodically for the fishing of post-larval forms of 
fish. Crustaceans and Oephalopods. Tho collection is particularly inton^sting bocauso 
it represents a hitherto undoscribed species of Shrimp-fish belotiging to tlio genus 
Gentriscua and because this is the first record of tho oocurronoo of any spi^oioB of this genus 
from the Travancore coast. 

So far only two species of Oentriacua are known from tho Indo-Australian waters 
(Weber and Beaufort 1942) viz. <7. acutatus L. and C. ci^iatatua (I)e Vis). Of thoso 
the former appers to be a more common species since it has been ro<sord(«l from difforont 
places in the Indian Ocean other than the West coast of India, while tho latter is 
restricted more to the Australian than Indan seas. 

present examples differ from the above two spocio.s in a number of oharaotora, 
the chief of them being the presence of a small strong hook which originates a little 
distance below the tip of the backwardly directed dorsal spino and tho prosonco of a 
pair of small curved sharp spines from the anterior end of the lowor Up. These characters 
are not found in any known Indo-Australian species of tho family Contrisoidae. A 
detailed account of the species is under preparation. 

18. The Molluscan Fauna and the Lime Shell Resouroes of Travancore. 

K. Paeameswarak Phlai, Trivandrum 

The present paper is based on an extensive collection of shells from the different 
backwaters of the State and’from the soa coast. The colloction includos fortyfive species 
ot hameUibranchiata belonging to twoiity-seyon genera and eighty-two species of Oastro- 
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poda belonging to forty-two genera. Of this large oollootion only three genera ef LameUi- 
branchiata constitute the main source of lime (calcium carbonate). Meretrix and VeloHta 
are the chief groups represented in the backwaters where they form extensive clam beds 
and rich subsoil deposits. Area granosa shells are slso found in the subsoil clay in the 
south oastorn part of the Vombanad Lake, Large quantities of miscellaneous shells are 
drifted ashore during tho south west monsoon by the strong south-easterly current which 
strikes tho coast of Munainpam, Kayamkulam and Quilon. 

An attempt has boon made to study tho bionomics and distribution of the important 
.spooios and also to dotormino tho calcium content of the representative types. It has 
boon found tliat the poroontago of calcium carbonate in Area grayioaa and Velorita cor- 
nuco boon dound that tho poroontago of calcim carbonate in Area grnnaa and Velorita 
cornucopia is 05.35 and 94.8 rospectivoly while that of Ostrea madrasenis is only 91.50 
This is probably tho reason why tho shells of Ostrea are not used for the manufacture of 
limo though thoy are plentiful in some of the back waters. 

. 19. A furbhar noto on the Breeding, Parasitism and Development of the 
Indian Freshwater Mussels. 

R. V. Seshaiya, Annamalainagar. 

LameUidens marginalis attains soxual maturity when it is just over two years old, 
whoroas tho Kuropoan freshwater mussol Anodonta does not attain sexual maturity till 
tho fifth your of its life. Spocios of Lamellidens sooms to have two principal breeding 
seasons. Gravid fomalos with ripe glofdiidia in the gills are abundant in tho months 
of July & August, and again in Docombor, January and February. But stray instances 
of gravid fomalos aro occasionally mi^t with in other months. During the summer 
months, when tho ponds dry up, tho frosh water mussels burrow into the deeper layers 
of tho mud. Such aostivating mussels inoludo gravid females, i.©., with developing 
eggs in thoir marsupia. Tho following fishes have been experimentally found to be 
suitable hosts for tho gloohidia of all tho common freshwater mussels 


1 . 

Ophieephalus atriatus, 

2 . 

OpJdcephalua gachm. 

3. 

Ophicephalm punctatiis, 

4. 

Macronea vittatua. 

5. 

Anabaa teatudineus, 

6 . 

Mtroplua maoulatua^ 

7. 

JRyhnchobdella aculeata, 

8 . 

Notopterua notopierua, 

9. 

Gloasogohius giuriSf 

10 . 

Anguilla hengalensia. 


Exotic fish like Oamhwia woro also found to be suitable hosts for tho gloohidia. After 
ropoatod infections (Usually five or six) tho fish acquire immunity, and the encysted 
gloohidia fail to motatnorphoso. Natural immunity is possessed by some fish like Aplo- 
cfmlm and species of Barbus, Tho soquonco of organogeny during tho parasitic period 
which is throe days in tho hot season and six to eight days in tho cold season is briefly 
described. 


20. On a eollootion of Soaphopods (Mollusoa) from the Travancore coast. 

C. V. Kueian, Trivandrum. 

The paper deals with a colloction of scaphopods obtained on a survey of the Bottom 
Fauna and Bottom Deposits of tho Travancore Coast within the 15 fathom line. Dentallum 
cancdlatum and D, paucicontrotum are represented by solitary specimens from AUeppey 
at 12 faths. and from Trivandrum at 16 faths. respectively, while D, quadrapicale 
has been obtained sparingly from Trivandrum and Cape Comorin regions. The specimen 
of Dentalivm collected, range from 11.9—50 mm. in length. The genus GaduZus is repre¬ 
sented by a single species, namely C, longilohatus which is common at Trivandrum in 
a deposit formed of black sand with a small percentage of mud and shell fragments, 
and swarms occur towards the 15 fathom line during February and March. 

Of tho four species dealt with, only D. quadrapicale has been previously recorded 
from this Coast and that by tho Siboga Expedition from a depth of 406 fathoms, 

Thp systematios and distribution of all the species collected are given. 
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21 • The rate of Growth of GeritMdcd cinfjulakis Gtnclin (Gastropoda 

Peotinibranchia), 

V. Sabasivan, Madras. 

In this paper an attempt is made te study the rate of pfrowth^ the duration of the 
breeding period and the ago at maturity of CmtMdm olnfjalnkm Gmoliu, iho common 
gastropod of the backwaters at Madras. With t!io data of lougtii moa.amnuoutH of 
samples of population colloctod oviuy !uonth, the animals w<w grouped acieordiug to 
the different size groups, fciizo frequency curves wore drawn f<u' all the mouths ami the 
rate of growth followed. The rate of growth in tho young sholls bedonging to 1045 gonora 
tion, as indicated by tho growth curves, is per month ; isn hIioHh whmli wore 

4 mm. in the month of May *45 wore 22 mm. by Bocomber ’4(> withiii a period of 19 
months. Roaring experiments perfromod in tho Laboratory with young sholls moasuring 
4 mm. showed the same sate of growth as recordod from field obs'll vat ions. Growth 
seems,to cease with the 22 mm. sizo group. Tho adult charactors of tho olcvatod body 
whorl and the expaned and everted lip aro acquired afbor ono year. Growth in tho older 
shells belonging to the second and third years is very slow and it was found by roaring 
experiments in the Laboratory to be 0.17 mm. per month. Tho animals attain sexual 
maturity when they roach tho 18 mm . sizo and, it is estimated, in about 2^ years after 
the young ones settle down. Breeding soason begins in tho month of January and oxtonds 
till the end of June with a pronounced peak in tho month of March. 

22^ A preliminary report on the Cephalopods of Baroda. 

S. T, Moses, Baroda. 

Introduction—^Ammonites as ‘Saligrams’— Nautihts pompilnki sludla 2 obtaine<l— 
Shells of Spirula prototypes common—Cuttlohonos tho ‘Samudraphon’-Cuitlobono lease 
and trade-The edible Cephalopods Sepia and LoUgo —Chock list of spocios of Cophalopods 
{I Sepiola, 3 of LoUgo, 1 Buoploteuthis, 6 of Sepia and 6 of Octopus), 

23» A preliminary account of the marine planktonic Diatoms of tho Trivan¬ 
drum coast. 

P. V. Ramaohandran Nair, Trivandrum. 

The coastal waters of Travancore aro rich in planktonic Diatoms during certain 
seasons of the year, and hitherto forty-ono spocios have boon recorded by M.A.S. Monon 
(Prop. Ind. Sci., XXII, 2. 1945 pp. 30-38). During tho present investigations sovonty-ono 
species belonging to fourtoon families and twonty-nino gonora have boon collected. Of 
these sixty-one spocios have already boon <loH<*ribo(l from tho Madras coast by 
Subramanyan R. (Proc. Ind. Acad, S(d. ,XXIV. 4. 1941)) while the remaining ton spocios 
namely, Hyalodiacus^ atelliger Bailey, Mhizosolenia. shmbsoUii Clove, U* bergonii H, lN)ragH 
Ohaetoceroa pseudocrinitus, Ostcnfiold, G. brn'caUa BixiU'i-y, G. brevis Bchutt,' O. scncanthus. 
Gran, G, compressua Lauder, Trlceratium{&i)) and Jfntgllana siriaiuh Lynbys, aro rooor 
ded from the Indian coast for the first time. The dominant fam iiios of Diatoms in this 
coast are Cliaetoceros, BidulpMa, Rhizoaolmia and Ooacinodiscua while tho other families 
are comparatively raro and aro only found occasionally in plankton oolloctions. 

A quantitative study of the Diatoms in relation to tho pliosphato and nitrate contents 
of sea water and other hydrogz^aphical factors is in progress. 

24. Limnology of the Mukerti Reservoir, Nilgiris. 1 Summer Conditions. 
Praxoesca Thivy, S. V. Gaxapati and K. H. Aliktohi, Madras* 

The Mukerti Reservoir, situated at an altitude of over 8000 feet, is formed by damming 
up of the Mukerti river and has a water-speard area of about a square mile with a maxi¬ 
mum depth of 84 feet. The exotic Rainbow Trout is tho only important food fiah stocked 
in this reservoir. 

A hydrobiologieal study of the reservoir was carried out in March, 1947. 

Water is pure, soft and rich bottle green in colour, with good depth of visibility. 
Temperature ranges from 18.1° 0 at tho surface to 15.7°C* at a depth of 68 feet. pH. 
varies with depth from 6.3 to 5,9. Water and plankton samples ooUeoted from fixed * 
depths reveal the presence of dissolved oxygon only up to 69 feet from tho surface* ' 
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< 3 Margmal^ vogotation is formed by a donso growth of tho dominant spocies of the 
down fJora , i.o,, tho grass Oymhopogon polynezeros Stapf. Phytoplankton is represented 
by a variety of spocios of (Josmicb and diatoms. Zooplankton is conaparatively poor, 
copopods and rotifers forming tho main constituents. 

The ros(5rvoir is oligotropluc in character and contains the Caledonian type of 
phytoplankton. ^ 

25, Hydro biological invostigatioii of the Stanley Reservoir at Mettur, 
Madras. 

S, V, Ganapatx, K, H. Alucunhi, and Franoesoa Thivy, Madras. 

A preliminary hydrohiological survey of the Stanley reservoir and the Cauvery 
river at Mottur was for the first time made under summer conditions in June, 1947. 

Tho reservoir level was 04 feet. Water samples were collected from the surface as 
well as from 34 and 94 foot lovoLs and analysed.Experim©ntal fishing at particular depths 
rovoalod that no fish froquontod tho 40 feet level and below. While tho surface water was 
green in colour and rich in dissolved oxygen with a pH. of 8.6, at 34 foot level dissolved 
cxygon was nil, pH. 7.5 and siilphurotted hydrogen 1.423 mg/1. In the deeper layers 
the concortration of this gas increased. However, tho black malodorous water issuing 
out of tho tail-race of the Mctfcur Power House as also theVator trickling down the high 
and low level sluices contained sufficient dissolved oxygon and had only traces of sul- 
phurottod hydrogen, smolUng strongly of tho same. Sulphur bacteria (Thiothrix nivea) 
wore thriving luxuriantly all along tho course of tho discoloured water and fishes like 
Letbeo hontiufi, Barbus carnaticuSf Oirrhiiia sp. JDaniOf and Disconynathus were observed 
coding in tho area. 

Tho lonii(5 conditions provatling in tho rosorvoir consequent on the damming of the 
yivor^ fO'Oilifcaio thermal stratification during summer months. Under anaerobic 
conditions in tho lowor layers sulphiito rocduction takes place resulting in the formation 
of hydrogen sulphide. Tlio accumulation of this gas appears to render over 2/3 of the 
rosorvoir uninhabitablo for fish. Even before becoming lotio in character the lower 
layers of water gushing through tho sluices get aerated and rendered suitable for both 
fish and plant life. 

26. On tho Ecology of two temple tanks at Coimbatore, Madras. 

Feanobsoa Thivy, S. V. Gakapati, and K. H. Alikxjnhi, Madras, 

Utilisation of religious institutional waters for fish culture is being actively pursued 
in Madras, aixd tho oiu<adation of tho ecology of this characteristic type of waters is 
of immodiato practical importance. Observations on two such tanks at Coimbatore 
carried out in July, 1947 dro detailed in tho present communication. 


Colour of water 
Depth 

Tomporaturo 

pH. 

D.O., cc/L. 

Eroo C02 
Chloride 
Maorovogotation 
Phytoplankton 


Zooplankton. 
Fish stocked. 


VENUGOPALSWAMI TANK. 


Yellowish brown. 

13 foot. 

28 *4 to 29 •5®C, 

8 -05 to 8 ‘50 
1 ‘(575 to 4 *188 
NIL 

0 -2 parts per 100,000 - 

NIL 

Ohlorocoocales dominent, fewer 
Blue-greens, diatoms, flagel¬ 
lates & Dinophyoeae. 
Copopods & Rotifers dominant. 
Qourami, Ghanos, Catla, 
Oirrhina reba* 


ANJENEYASWAMI TANK. 


Yellowish green. 

10 feet. 

20 *5 to 28 -0° C. 

8 *08 to 8 -30 

1 -250 to 4 -328 
NIL 

9 *7 parts per 100,000 
NIL 

Identical , 


Rotifers^ dominant. 

Qourami, Gkanos, EtropluSp 
Barbus hexagomlepis. 


Diurnal variations in the two ponds are discussed on the basis of six-hourly obser¬ 
vations. 

An almost permanent algal bloom is characteristic of the majority of temple tanks» 
Fish food in such tanks is obviously abundant* 
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27. On tho Ecology of two Fij)riiig ponds at Conjcvarani, ,Ma.<lra.i4. 

S.V. Gakapatt, Erancesua Thivy and K. E. ALiicuNiir, Madras. 

The village spring ponds at Hajatnpob and Muthialpia in CJonjtHnau'ain W(n'<^ stirvoyiul 
in tTuno, 1947. ^ibuatod in tho inulsb ()f arid sandy n^gion, Iho ponds am .{’(mI by <loop 
perennial springs. During tho rainy soason they got eoiuavdod to tlu^ riv('r Palar. 

Local carps, nuirrols, gobies, c;ai4islies and minnows ('onstituiod tlsi existing natural 
fishery in these ponds. 

Conditions of existence during summer wore as follows : 


Pond. 

Depth at Colour, 
tho contro. 

Tomjiora- 

turo. 

pii:. 

DisKcl- 
vod 02 

Knui (!02. 

OhloridoB. 

Eajampet, 

,. 4 ft. dark 

* groon. 

30-1— 

31 

7*1 

4 to 6 
cc/L, 

0 -8 0 •«) 
parts per 
100,000 

17 parts 
per 

100,000 


Muthialpet. ,. 5 ft. Bluish, 32 -4- 7 -5 5 *2 -7 -2 () -37-0 *59 32 parts 

32-8''0. oc/L. parts per per 

100,000 109,000 


Hydrophytes are abundant in both tho ponds. Boviiral grotm and bluo green algao 
are present in the phytoplankton, while tho absence of planktonic crusta(*.oa is oharactor- 
istic of the zooplankton. 

Tho perennial springs, low frco carbon-di-oxid<^, high Oxyg(^n (content, g<^ntly 
flowing water, absence of planktonic crustacoa, ot<*.., constitute important ecological 
traits which make the ponds a typo by thomsolvos, ofibring scope for piscdculturo. 


28. Limnology of the Ootacamund Lake, Nilgiris : II. Summer Couditious, 
K. H. Aliktjnhi, S. V. Ganapati and Peanobsoa Thivy, Madras. 


A detailed limnological STirvey of tho Ootacamund lake was conducted in 
March, 1947. 


Over seventy acres in area and situated at an altitude of about 7000 foot, the lake is 
now stocked with exotic species like Tench, English carp, and variotioB of Gyprinus 
carpio, besides indigenous spooles of minnows, loaches and barils. 

The bottom configuration \^'as oharbod by taking soundings at 259 points. Maximum 
depth was 30.6 feet._ Water and plankton samples wore ({oUeotod from fixed depths at 
different stations. Diurnal variabi ons in tho hydro biological (}Oinplt»x ocKuiring in differ-* 
©nt layers were investigated at six-hourly intervals. A rcprfweni.ativ(^ (collection of tho 
nxacrofauna and flora has boon made. Tho rich hydrophyticj and ho>lophytic assooiabionisi 
were plotted in detail. Bottom deposits from difforont soctions w<H'e sbudiod. 

^ A pronoimced thermal stratification and tho co-existing conditions of surriiaor stag¬ 
nation prevailed in the lake. Dissolved oxygon oxtondocl to a tnaxitruiin depth of 20 
feet. Deeper layers were dovoid of oxygen but wore surc;harg(^(l with sulphuretted 
hydrogen, pH. varied from 6,6 at tho bottom to 8.7 at surface. Tomporaturo steadily 
diminished with depth, from 21.6 to 16.3oO. 

Aquatic oligochaetes wore present in tho oxygonloss bottom mud. 

T 7 of a dense swarm of Ceratium hirundi-‘ 

nella which imparted a dirty brown colour to tho water. Zooplankton was rich in species 
an<i numbers, Cladocerans, Copepods and rotifers predominating. Plankton was absent 
m the oxygenless zone. . 


The l^e is e^ntially eutrophio in charaetor. However, the oxygonloss zone 
considerably restricts the effective space for fish life and productivity. 


29. Utilisation of Fire Service Tanks for Fish Eeating. 

P. I. Chacko, Madras. 


j -1 static tanhs intended for fire-fighting purpose, aro used for nursing and 

^teibutmg ^:ssfd. for stocking larvioides, and for feh production and markating ia 
Madras. A static tank of 160,000 gallons capacity in Madras City was stocked with 76 
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fry of Laheo roUta, 3500 of Gatla catla, 10 of Qourmni, and of 100 Etroplus sumtensis, and 
with 500 Omnlmsia ajfimti in J iily-August lO-lO. Water plants were planted, and manur¬ 
ing was also done. Tlio plankton of tho tank consisted of Anabaenopsis, Ccratoceros, 
aioslerivni, Chpcpodfi, Cydotvlla, Evghna, Lynghia, Melosira, Microcystis, Navicula, 
Oseillaiorla, Pamhrina, VUacus, Rotifer, Spinilma, Synedra, Smirella, Volvox and Vorti- 
collid coloni(\s. In N()V(nuhor 1 i)4 (*>, 3000 Catla, 8-10 inches in size, wore removed for stoc¬ 
king other walors. In January liM7, 20 Kohu, 12-1'Unches, were also removed for the 
saino purposes. 34 llohu, 14-18 inclios and 2-3 lbs, wore netted and marketted in June 
1047. Gouranii (0-12^0 i^3tl•(>])lus (4-(>") w(iro collected and stocked in another breeding 

pond. The static. ta,nk \va,H tluai cdoanod, dried and roiilled in July. During cleaning, 
one tkoimiyda trljuga and one Anguilln hengalemis (36" and 3 lbs) wore removed. The 
stomach of tho latter contained fish remains and algal matter. 


30. An InvcHtigation into the Food and Feeding Habits of some of the 
common Freshwater Fishes of Madras. 

K. H. Alxkunhi and S. Nagabaja Rao, Madras. 

The suitability of a fish for culture largely depends on its food and feeding habits. 
During an invc'stigation aimed at ascertaining the relative importance for cultural pur¬ 
poses, of t.ho difforc'ut species of freshwater fishes of Madras, the food and feeding habits 
of th(^ majority of them w(^ro olucidatod. Data on tho systematic analysis of the gut 
contemts of Cirrhma cirrhosa, Mysttis secngliala, Pangasi-us pangasius, Silonla silondia- 
Mcgalops cyprinoides, Plops indiem, Nolopteras 7iotopteriLS, A7iabas testudineus and Opki 
cepficiltis pnnetaivs are furnished in tho present paper. 

Tho strictly freshwater speeimons of V.pangasms food largely on gastropods and 
insects. 6‘. silondia shows mai*ko(l piscivorous tendencies. M.Semghala takes in quan¬ 
tities of gastropods but is <locido(lly x>>iscivorous also. Fingerlings of ilf. cyprinoides 
and E.wdicuSf natxirally acclimatised to freshwater, feed largely on mysids and other 
Crustacea, but have no predilection for cyclops. Insects and ostraeods predominate 
in tho gut contents of the climbing perch. Quantities of vegetable matter are also 
generally taken in. Nmotoptcrus and O.punctatus are predominently insectivorous, and 
hence not destructive to other fisheries in any large measure. Plankton feeding and 
nibbling at algal growth are indicated in €, cirrhosa, tho most important carp of the 
Cauvery. 


31. On the Bionomics, Feeding Habits and Breeding of ‘Karambai’ Barbus 
(Lissochilus) hexa^jOnolefds MacCleUand in the River Cauvery,' Madras, 

K. H. AniKUisfHi, Madras. 

Barbus (Lissochilus) hemgonolepw abounds in the Assam-Hiinalayan rivers. So 
far, it is not known to occur in peninsular India. Specimens of this mahseor, locally 
called ‘KAKAMBI*, aro however, common in tho rivor Cauvory. Tho South Indian 
Specimens are of a bluish colour and in tho general build of tho body, very much resemble 
tho ‘Olivo Mahseor’ of tlio Pegu district. Specimens over two feet in length and 10 
pounds in weight aro not uncommon in tho Mottur—Bhavani stretch of the Cauvery. 

Karambai is a voracious feeder. Length of gut varies from 2 -5 to 5 times the total 
length. Intestine is usually gorged with marginal grass, aquatic weeds, gastropod 
shells and insect parts. 

Breeding in tho Cauvery corresponds with the monsoon months, and 1-2" long finger- 
lings aro available in largo numbers during Febuary-March and June-July. Natural 
seed nurseries are being exploited for stocking lentio waters. Growth in the latter is, 
however, slow. 


32, Fisheries of the Manjra River 

M, Rahimxjllah, Hyderabad*Deccan, 


Observations on the breeding habits of the carps and cat-fishes are in progress and 
it has been found that during the rainy season, i.e., June to August, the ratio of the 
catch of carps to oat-fishes was 85 ;15 in 1946 but in 1947 it was 93 :7. The oat-fishes 
are plentiful in the deep pools during other seasons but the carps are very few. 
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It is duo to tho difforoiico ui tlio ])roodiug habits of tlioso two typ:\s of lish'H booau^o 
tho cat-lishos breod ovou in iiupoiimltKl watt^r and in tanks but tlio oar}>.s br<)od only 
during tho rainy eoasoii whon tho vivors aro in spate. 

A poculiarity about Oaila is tliat it is not found in tin I'iv.n* at other seasons than 
tho rains and takes sholtor in tho resorvoir. It has not boon i*opiM,’tn(I a(),>vo 1*1 le (hiirn))!>or 
Anicut nor down Nizana-sagar reservoir in tho stream a.lthougU it is (vur^ht in fairly 
large numbers in tho Godavari river of which tho IVlanjr.^ is a trihtitary. 

Further invosti gat ions down th<^ rc^sorvoir arc under progress to lind out tho factors 
governing tho brooding habits of (Jatla, 


33. Life History of tlio Scale Carp Oi/prims carpin var (Liim.). 

A. R. K. ZoBAiEi and JSf.T.0nooDAMANr, Oot,ao.i.m!m(l. 


The Scale carp, cyprmita carpio var commimift, is one of tho ihrot^ vario 
-ties of the Gorman Carp popularly known as tho MTRUOR OAIil\ iutroducoil in tho 
Nilgiris in tho year 1939 from Nuwara Eliya, Coylon; tho throe varieties dKtm'iug amomx 
themselves only in the matter of thoir scaling. The life history of this earp was sttidi ni 
by stripping and artifioally fecundating its ova nirtl cornilating blie various stiges in 
development with those of tho contemporary eggs obtaimul from the VVilsou fc’isli I^'arm 
and the lake at Ootaoamund, Nilglris. 

Breeding Season ; Tho Scale Carp, as also tho other two of its variel.ies are found 
to breed all the year round in tho Nilgiria except during tho South Wt^st Mousoon in mbhs 
JUNE-SEPTEMBER; JANUARY-APRIL being tho peak ptuuod of brooding. 

Breeding Habits : Distinct spawning groups aro mob with consuting of one lu'g^ 
spawner and three to five small milters. Tho npiwn is .shed by violent mn-ieular <Mn- 
tractions of tho body and ferbilisod in watm*. Eggs are demersal ami adUedve Hobtling 
on aquatic woods. Tho Scab Carp has an incrodiblo h)cundity. 

Fertilised Egg ; Spherical with a glassy vacuolated yolk and dilatod with a dis¬ 
tinct perivitellino space. It has an average diamotor of 1*3 mm. 

Development: Dilation of the ogg begins throo minutes after and oomplotol 
aiwut ten miimtes after fertilisation. Formative protoplasm appears one hour after 
fertilisation. ^ First cleavage starts sixty-two minutes after fertilisation. Segmentatiou 
IS meroblastic and unequal. The blastoderm invades tho yolk upbo its omiatiw ami 
*7® ernbryonic ridge is differentiated eight hours ; blastoderm onvolops tho yolk ooin- 
pUtelyleavmg a blastopore and an embryo wit^ 12 somitos is dirforoutiatod eight 

embryo with 33 somitos dovolops sixby-nino hours, alor 
fertilisation. First hatching takes place sovonty-two and a half hours after fertilisation 
23 seventy throe hours in water varying in temperature between 20"O- 


f m.m in length with m mouth, alitn ml,ary 
Ahnnt Hoirb is soon pumping colourless blo>tl 

minute Mouth and anus open and tho larva beigns to tbod arid ro«- 
on^Dap^i^^ hatching. It is carnivorous to start with fooiing v()raoioa.dy 

to. make thoir first appearance on the forty fourth <lay after lufci'hlng. Tlie 

fX W and booomos a ropUeiv of ifcH p 


34. Food, Feeding Habits and rate of Growth of tho Mirror Oarn, 
Gypnnus carp%o (Linn .) ■*■ 

A. E. K. ZoBAiEi and N. V. Choodamani, Ootaoamund. 


usn^ of tos cOTp a controversial matter. Since its introdnotion in tho KTilciris Q939) 

mKvW ^ bionomics is therefore essential, 

in account Of the food, fooding habits and tho rate of srowth of this fish 

variorS^s tevouS 
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Tlxo mouth of tho Mirror Carp is devoid of teeth and is essentially suctorial. A 
complex armaturo of pharyngeal toeth exists in its throat. The adult mirror Carp is 
an omnivorous creature with predilections more towards vegetarianism. It is a typical 
planhton foodor in addition, and is neither carnivorous nor predaceous. 

Tho Mirror Carp larva commences alimentation when it is about 7.0m.m. long 
and is carnivorous upto 4 *7 c.m. At 5-5 cm. it begins to take diatoms and dosmids 
in addition. 'TIk^ proportion of animal and vogotablo matter at this stage is almost 
fifty fifty. The vogi^fcablo matter incroasos in proportion at 6 *8 cm and beyond. 

Tho roilinoHS of water caused by tho Mirror Carp by its thrashing about at the 
bottom is not/ found to be injurious to either fish or to the growth of plankton. The 
aquatic vogot/ation is not destroyed in its entirety by this Carp. 

Tho rate of growth of tho Mirror Carp is directly proportional to the qxxantitv of 
food available. It grows at tho rato of 2 -5 cm to 4 *2 cm per month in the Wilson Fish 
Farm and tho lake at Ootacamund, whero tho natural food of the carp is abundant. 
It is a very hardy fish, capablo of enduring every adverse condition admirably. It 
lives for several hours out of water and is alive and active even after severe 
mutilations. 


35. Prolhninary Investigations on the Pood of Trout in the Nilgiri 
Streams. 

N. V. CnooDAMATSTi, G. LAKsnMmAUAYANA Rao, V. Rangatstathak, 
and A. R. K. Zobatrt, Ootacamund, 

Tho Trout introduced succossfully in tho Nilgiris in tho year 1907 is an acclaimed 
favourite amongst tho axxglors as olncwhore, but tho suocossivo deterioration in its size 
has boon tho ohiof oonoorh of its woll wifdiors. Investigations into the causes of this 
aro systematically being carried out and the present artiolo deals with the results of work 
done in this direction, which is of a preliminary nature. 

Tho knowlodgo of tho Icind and amount of food in each river and lake available 
for tho Trout as woll as of tho quality and rolativo quantity of the items of its menu 
is important for any intolligont managomont and improvement of Trout fisheries. This 
could bo acquired by a comprehensive analysis of the stomach contents of Trout oorr- 
ollatod with an exhaustive biological survey of tho waters. Tho paper deals with the 
results of tho preliminary investigations of such a typo of work on tho Trout in the Nib 
giris and its hill streams. 

Tho eight waters out of about sixteen rivers, streams and lakes now populated by 
Trout on the Nilgiris soloctod for investigation are listed. The data on the quantitative 
analysis of over 120 samples of gut contents are tabulated. The different items of the 
food oomo across in tho contents of tho stomach aro arranged in the order of their relative 
nbundaiuio. It is soon that insocts constitute tho bulk of tho Trouts’ dietary. Hence 
tho biological survey of tho waters wore made with special roferenoo to the riparian 
and aquatic insoots and their undor-water stages. Tho differnt species of the various 
orders of Insocts mot with in tho streams have boon identified as far as possible and 
dosoribod. 4 gonora of Caddis flies (Trichoptora), 2 of May flies {Ephemeroptera)^ a soli¬ 
tary genus of Stone flics {Flecoptera), 4 aquatic and 3 terrestrial genera of Beetles (Cole- 
optera), 2 of water bugs {Eemiptera), 2 of Truo flies {Diptera), have been represented in 
tho streams, either by their larval and nymphal stages or adult forms. Larval form^ 
of tho genus CMronomus (the midges) and Eriocera (Crane fly) have also been noted. 
The Black ant’ of the fly-fisherman is a non-aquatic Hymenoptera belonging to the family 
Eormicidae haunting marginal troos, wherefrom they are dislodged by wind into the 
streams. Crustacea are represonted by Carbs, the fairy shrimps, and the non-indigenous 
shrimp, Oardina sp. Molluscs are represented only by a thick-shelled Gastropod 
Neritina sp., and a species of limpets belonging to the genus Paludonius, Earthworms 
have been noticed to form tho exclusive food of Trout on certain occasions during the 
monsoon. The Minnows, Banio sp. form the undesirable aliens into Trout waters. 

From the above study it is concluded that the Nilgiri Trout is entirely carnivorous. 
The sufficiency of tho food available in the streams is discussed. It is found that the 
Trout aro not underfed. The comparative seasonal abundance of surface and submerged 
fauna and tho influence of floods on the same aro also discussed. Conclusive observations 
in this respoot aro much dosirod for prescribing angling seasons with a view to improve 
the quality of tho fishing. 



36. On the nutrition of the young stage of Oortain Freshwater Fishes 
of Madras. 

P. I. Chacko and S. V. Job, Madras. 

The food of the frv of 17 spooios of frosh water M\oh of Madras wore invostiprated, 
with the following? salient foatnres. (1) Sarhus tar ; Alpral filamonts, Plmmnipna. 
Pirmularia, Comimdkcm and particles. (2) J7. mmailms : itiH(^et roinainH, alpjal 

mater and sand grains. (2) B. haxnctomUpls : algal matter. PinmdariH,^ VlmraMtfma 
Fragillarid and Gomphonema. (4) B, mrcuma ; insect remains. (5) (HrrUna rvha : 
Oscillatoria, LynpUa, Blmoclanium, insect lifo, danhnids. Nammln, Plnnularia and 
TaUllaria, (6) Cxirrhom i algal matter, Mofttogloia. ICnnotla anrl sand grains. (7) 
a,fulmgee : Hydrilla, Ghfitarivm and PhnroHgtm, (8) Bcthio fhnhriatm : Clmlvrlmn, 
Ooscindisemj Gyclotella, Fragillaria, Navimla, insect remains, eoiwpods, daphnids 
and sand particles. (9) L.cnlbam : Anom.omrJ.fi, MastoglaUt, Bplroqym, 
copepods and rotifers. (10) Silundia fq/hedi : water booties and sand. (11) GalUahrom 
himaculatus : dsh remains, insect remains and sand. (12) Macromff guUo : fish rernains. 
insect remains, fish eggs, Gloftt&riuniy FrctgiUarid and sand. (13) M.envadufi : ins(^ct 
remains and fish scales. (14) Mxemghala ; Spirogyra, OftcMlatoria, Navlcula and Plnnu^ 
laria. (15) Bagariua hagarius ; young prawns, fish rcTnaius and sand. (l($) Olgtoihora.’c 
londh : insect remains, algal matter and sand particles. (17) WnUagania aftu : fish 
larvae, Closterium, Fragillaria and algal filaments. The young Htag<^s of thfvso species, 
are owing to their habit of feeding on insect life, ttseful as mosquito-larvae dostroycM's, 

37. A Case of *Gas Disease’ in Catla catla (Hamilton). 

P. I. Chaoko and S. V. Job, Madras. 

The cause for a case of heavy mortality that occurred in .July 1047, among the 
population of Gatla, 10-12 inches in size, in a Municipal pond in Madura, was diagnos(Kl 
as Gas Disease by the following symtoms: (1) ragged and tattered appearanc<s (2) 
scales fallen off in round patches at the base of the dorasal, pectoral and ventral fins, 
(3) skin pealing off on touch, (4) loss of blood through tho skin, (5) presence of gas bubbles 
in gill filaments, heart and blood vessels, (6) presence of as bubbles in tho gut which 
contained the normal items of food of tho fish, and (7) air bladder highly distended and 
filling the visceral cavity by bursting through tho peritoneum. Bacteria were not con¬ 
cerned with this disease. The immodiato cause of death was asphyxiation from gas, 
embolism in tho gill filaments and heart. Aeration of tho pond water by clragging 
a net across for over two hours gave satisfactory results, and about 25% of tho fishery 
was saved. 

38. A Preliminary Note on the Hilsa Fishery Investigations in South India. 

P. I. Chaoko and B. KBXs.HHAMtrxiTHT, Madras. 

In South India, HiUa iliaka (Hamilton) occurs in tho coastal waters from Vizaga- 
ntam to the Palk Bay. The fish is rare in tho Gulf of Manar '"'and tlie ‘Wc^st Coast. 
(During the flood season it shoals into tho rivers xip to tho first anicaits. This shoaling 
is more in the early hours (2-6 A.M.) of tho days during tho New Moon period. Tho 
spawners do not f^d. The males reach the spawning grounds earlier. Tho loft) testis 
is larger. The fertilised egg is drifted into the tidal aroa, where dovolopmorit and hatfthing 
occurs. The fry move about in association with thoso of Ghatocama chmunda (Ilatnilton). 
The fish spends the first two years of its life in tho tidal /.one, feeding on planktonic 
organisms. It then moves^ into the 3-8 fathoms limits of tho coastal soa. 'fho Hilsa 
fisheries have recently declined owing to the construction of dams and anicuts and tho 
consequent moderation of floods. There is also destructive fishing of spawnors and 
young ones. A detailed investigation is being conducted. 


3&. Development of Fisheries of the Periyar Lake. 

P. I. Chaoko, Madras. 

The Periyar Lake is 10 *20 sq. miles in area, and is situated at an elevation of 
2800 feet, surroxmded by thick forests. As a programme for the development of its 
fishery, a survey of the indigenous fish fauna was made, and 20 species wore listed. To 
improve the quality of the fishery, a consignment of the quick-growing carp, Catla catla 
(Hamilton) was brought from tho Godavari and introduced into tho lake for the first 
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iimo in Octobor 1946. A consigmnont of the Milkfish, Chanos chanos (Forskal) collooted 
from the 8oa (Malinifcy 17.49%) around Krusadai Island was also stocked intholakein 
April 1947. Tho thriving and growth of these somi-exotic spocios in the lake are being 
watched with intorost. 

40. On a Survey of the Cauvery, Madras. 

P. T. CuAOKO and G. K. Kuriyan, Madras. 

The fluvialo fishery of tlu^ ontiro Oauvory system within tho Madras Presidency 
is under tii(^ control of tiie .Pishorios Departinont. This river yields about 05% of the 
inland iisliery revonuo. During a survey of tho river, 77 species have bean listed. Species 
which form a special feature of tho fish fauna are Barbus hemgonohpis, MeClell, J3. 
carnaticus (Jordon), B. tor (Hamilton), Laheo ariza (Hamilton), L, 6 oi 7 a(Hainilton), 
L. /contius (Jordon), L, nigrescens Day, Oirrhina cirrhosa (Bloch), Osteochilus 
(Kantaha) brevidorsalis Day and 0. nashi Day, In pursuance of a programme 
of fishery dovolopmont, tho river was stocked with the upper Indian carp, Catla catla 
(Hamilton) from 1923 onwards,. This fish has established itself and now forms a largo 
portion of the river fishery. Other species introduced into tho river are Osphrommus 
gouramif Lacep. Etroplus suratensis (Bloch), Labao rohita (Hamilton), Gir rhina mrigala 
(Hamilton) and Ghanos chanos (B'orskai). Tho first two species have bred and spread 
thomsolvos in tho river system. Location and exploitation of spawning and 
nursery areas is a regular annual feature. Destructive methods of fishing are prohibited ; 
and congregation areas of migratory spocios below dams and aniouts are delcarod as 
sanctuaries. 

41. On tho Bionomics of the Larvivorous Fishes of Madras. 

P. I. CiiAOKo and R. S. Venkatbaman. Madras. 

Tho local distribution and donsibios, food and fooding habits, breeding grounds, 
seasons and habits, communal associations and larvivorous propensities of the following 
larvicidal fishes of Madras aro detailed : Aplocheilus lineatuSf A. blodim, Amblypha- 
ryngodon mola, Ambassia nama,A. ranga. Barbus ticto, B. sophore, Barilius bendelisis, 
Chela argentea, Coltsafasciatus, Danw aeguipinnatus, JSsomus danrica, Etroplus maculatua, 
Qambusia affinis, Lebistes rcticulatus, Macropodus cupanus, Oryzias 7nela8tigma, Peri- 
lampus aipar, Easbora daniconius and Th&rapon ja/rbua, 

42. On the Histrory and Transport of tho Mirror Carp in Oxygen Container 
from Ootacamund (Nilgiris) to Kumaun Hills (United Provinces), 

B. SuNDARA Raj and R. P. Cornelius, Lucknow. 

The mirror carp a native of China and extensively cultivated for centuries in Europe 
was introduced from Germany into the Ceylon waters in 1914 and thence into the waters 
of tho Kilgiris in 1939 by tho senior author. On tho Nilgiris they have flourished and 
aro now providing a valuable now fishery* 

Kor tho improvement of Kumaun water an attempt has been made to introduce 
tliis fish. A special oxygon carrier was designed by tho senior author for the transport 
of fingerlings froin Ootacamund to Kumaun hills by aeroplane. The carrier and its 
use are described. After testing tho apparatus the junior author brought 60 fingerlings 
of mirror carp partly by train and partly by air (Madras to Delhi) withough a sinlge 
casualty which proves the of&cienoy of tho carrier. This is the first time that the mirror 
carp has boon introduced anywhere on the Himalayas. The fish are growing wall in a 
reconditioned pond in the Bhowali trout hatchery. The aim of the paper is to record 
the introduction of this new fish to Himalayan waters and to bring to tho notice of the 
persons interested this simple and handy carrier. 

43. On he Bionomics, Development and the early Growth Rate of the 

Cauvery Carp, Labeo Kontius Day. 

K. H. Alikxjnhi and S. Nagaraja Rao, Madras. 

One of the major carps, growing to about a foot and a half, LabeO Korhtius is indi* 
enous to the Cauvery system* 
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SystQniatic tmalyyis of sfcoinoioli couiiouiM rtwc'iilod fiiiit ditit'Oiui Otud ul^'fd IdHtni^idy 
prodominatod in tho monu. JJits of loiwiw. iiisooO mid worm j-oimuiw, (iopopoiln and 
rotifers were also taken in. 

With the onset of the south west monsoon in sprviiin(ujM 12 to 14 iiK^bos loiii; 
become sexually ripe. Developing eggs, (Irifting along, wm-e fVom iho (?n.uv«\ry 

at Hogainakal in July, ’40. Waiet- was imiclily ; totnprn'atm’e 20*0 <!. to 
pH. 7 ’6 to 7 *8 ; pcrcoiv.tag(i of saturation of (lissolvofl oxygon, S1 *0 to <JH *4 an<l 
carhon dioxide, 0 *091 to 0 *122 parts fx^r 100 *000. 

Spawning takes idaeo in the (uirly morning hours, l^’orliilisod <^gg in .‘I *5 to Jrn. 9 . 
mdiamotor, demersal aixd transparent, Yt)lk is (inely gritutilar and (»ra sky hluo tinge. 
The period of incubation IS about 27 to 30 hours. The hatchling, about 3 m.tn. long 
is transparent. On tho 4th day after hatching tho larva begins feedbag. 

By rearing the larvae a comploto sorios of postlarval stages has hiMUi ol>i.ain(Hl. 
G-rowth of fingerlings under natural and artifioial coiulitious has botui followod, tlio data 
gathered affording interesting comparison. 

44. Observations on the growth of Cyprmii^ Garpio iu Tropical Environ 
ment at the Cheti^ut Eish Farm, Madras. 

K. H. Alikunht and S. NaoaraJ/V Rao, Madras. 

The successful acolimatisation of advanced (Ingcu’lings of Oijpnnm earplo to the 
tropical conditions at Madras has boon reported by Aliknnhi (fe Itimga-aatlum (10*10). 
Subsequent experiments of transportation have fully <lemonstmlied, tho hosxUness 
and tho easy adaptability of tho species, oven in tho early fry stagi), to Hudd<ui e.limatic^ 
changes. 

Fed on live plankton and soaked oil cake, the fry thrlvotl well in nursory tanks. 
Early growth rate of all the throo variobios of 6k Oarph^ viz ; ooDunmiiH, spmt,laris 
and miduSf have been followod regularly, first at weekly, and later on, at fortnightly 
intervals, at the Ohotput Fish F^'ann, Madras. Growth is more or loss unilbntt in tho 
three varieties. From the half inch fry stage tho average fiugorling size of 4 iircJios 
was attend in the course of 3 months in cement nurseries. Growbii in natural ponds 
is mu^ quicker. 

46./Food, Feeding Habits and Growth of Fingorliiigs of tho Frosh-wator 
Shark WaUagonia atiu (BL Sohn.). 

K, H. Alekunhi, Madras. 

Analysis of the stomach contents of spocimons from tho Oauvory, Ooilfivati, KriHtna 
and Tungabhadxa confirm the marked piscivorous tondonoios already noted by earlier 
workers. 

Pronoimood oannibalistio leanings wore obaervod in fuigorlings kept in nursery tanks 
containing abundant forage fish. 

Peculiar feeding habits like ‘lying in wait’ for tho approaching prey and <larting at 
it wim unerring precision and lightning rapidity resulting in tho shooting out into tlio 
air of the aggressor himself are described. 

Provided with sufficient forage fish, quick growth averaging about 3 *3 inches per 
month IS recorded in fingerlings kept in small nursery tanks. 


46. [Mluence of Temperature on the Rato of Embryonic Differentiation in 
Bashora daniconius, 

K. H. ALiKinraa and G. LAKsairafASAYANA Bao, Madras. 

Intensive breeding of 5a«6oi-a danioonius waa observed during November, soon • 
after heavy monsoon rams, in Madras. In the Ootaoamund lalco ripe oozing specimens 
of the same species were plentiful during March and September. “ ^ 

development was followod at Madras from naturally ferti 
hzed eggs collected from ferm ponds, while, at Ootaoamund oozing specimens of eithor 
Ootacamun lake, were stripped and the ova artificially 
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'‘tho avox’‘ap;o tomporaturo of wat^r in Madras during N'ovombar was 27 ‘OB^C a6 
0 A.M. and 28 at 4 pm. Tho period of incubation lasted for about 86 hours and tho 
larvat) hatched out on tho fourth day after fertilization. Tho embryonic differentiation 
was studied in detail. 

Tho average temperature of water in the Ootaoamund lake during September was 
17.2"0- Tlio period of incubation was very much prolonged and hatching took place 
on tho 12th day, 2(J7 hoiir:^ after fostilioation. 

With a (Ufforoue.o in teinp(u*aturo of about 11 •2°C tho rate of embryonic differentia 
tion in Madras is thri<‘o as qui<‘k as in Ootacainund. 

Tho adaptability of tho species to different thermal conditions is interesting. 


47. Growth, Maturity, and Brood care in theMurrels Ophicephahis striaius 
and 0. pnnetatus, 

K. H. Alikunhi, Madras. 

Murrol forms tho bulk and mainstay of tho tank fisheries in several districts in Madras 
and is generally considered oxcollont for eating. 

Recent investigations of Mukhorjoo, Rahimullah and others have supplemented the 
pioneer observation on tho bionomics sad breeding of murrols mado by Willey and Raj. 
Specific data on tho growth, fattening and ago at maturity of this important group 
arc of practical significance in culture. 

Embryonic and larval dovolopmont of 0, ntriatus wore studied in tho laboratory. 
Post-larval growth and fattcuaing woro followed in the natural pond by segrogatod rear¬ 
ing. Yearlings, 8—0 months old W(u*o found to havo tho gonads in tho fourth stage 
indicatiug that tiioy would bo ready to brood during tho coming norbh-oast monsoon. 

Analysis of Tiatural food of fry and Bngorlings liavo boon made ; the variation 
in growth in rospouso to tho relative abundance of food are noted. 

Disparity in size botwooxr sexes was always noted. Additional data on brood care 
are furnished. 

48. Note on the Spawning of Carps in the Eiver Thungabhadra in 
Response to*off Season’ Freshets. 

S. V. Ganapati and K. H. Aliktjnhi, Madras. 

An instance of oarp spawning observed in tho river Thungabhadra at Sunkesula' 
on 24-9-40 is discussed. 

Water level in tlio river was low. Thoro wore heavy rains in tho evening on 23-9-40, 
Hix to sovtm mik^a above Sunkesula. Tho following morning water had risen in level 
and was turbid and muddy, impawn nets fixed in tho river by 9 a.m. near the Sunkesula 
fish J"arm procured a small quantity of spawn and numerous hatchlings. Tho hydro¬ 
logical conditions before and after the rains woro as follows :— 


Temperature. 

Colour. 

Turbidity 

Free C02 

COS 

HC03 


Before Rains. 
(Pre-spawning) 

28 *2 to 28 r5‘’C. 
Pale brown 
30‘0 oms. 

Nil 
0*3 
17 -995 
8*6 
4-746 


After Rains. 
(Post-spawning), 

28 -S^C. 

Brown-muddy. 

2 -7 cms. 

0*202 

Nil 

17 -385 
8-1 
5- 14 
1-7 

Present. 

Present. 


pH. 

D.O,-‘Co/L. 

Chloride (parts per 100,000) 1 *3 
P206-P. Nil 

N03-N, Nil 


Carp and catfish eggs were present. On rearing in the labosatory tho carp eggiS 
foimd to be those of Ci/rrhim reha. 
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Except for turbidity tho hydrological factors do not grt^aily diffor in tho pro-anil 
post-spawning periods, Tho rise in lovol probable affordetl sottxo snitabt^ aluiUow spaw¬ 
ning grouijids for tho lato brooders. 


49. On an intorewting Case of Carp Spawning in tlio llivcr Canvory at 
Bbavani in Juno, 1947. 

S, V. .Ganapati, K. H, AbiKUJSfirt and Franokscja Tiiivv, Madras. 


Tho spawning of tho major Indian carps is gouorally associatod with intmisivo flood¬ 
ing by turbid wator. Howovoe carp spawn in thoa.sandH, w'as itoUiMitiHl from t.ho (jauvory 
et Bhavani on 29-C)-l947 when tho wator was porfoiaiy clear. Thon^ had htvMi tuMthiu* 
rain nor flood during tho previous wook in tho locality and in tho upper roachos. 

Tho hydro-biological conditions woro as follows : 

Date. Place. Time. Depth Colour. Tomp. Plow. 

{°0.) (milos 
por 
hour.) 


pH. bVoe 1>.0 


002 


Chloride 
part por 
0.0. 100,000 
/L. 


29/-6/ Cauvery 12 p.m. 5 ft. Bluish- 28-2 .5-0 8-5 Nil. 4-74 1-7 

1947. at to groen. to 

Bhavani. 8 A.M. 28 -8 


Spawning commenced by midnight when tho tomporaturo was at its lowiwt and 
homothermal conditions prevailed. Tho poroontage of saturation of disselvinl oxygiur 
was only 83 to 88. 

A larger volume of wator was boing roleasod from the Mottur reservoir for irrigation 
purposes, and somo shallow stretohos of tho rivor-boil get su})mergO(l, whi(‘h, it is 
presumed might have functioned as tho spawning grounds. 

The spawn collected was roarod in tho laboratory. It is found to contain 15% 
Laheo flm$riatus, 60% Cirrhlna reba and 25% Dkcognathm sp. 

60. On an Interesting Case of Mortality of Larvicidos in tho Public 
Health Fish Nurseries at Ennur, Madras. 

S. V. GANArATi and, K. H. Amkunhi, Madras. 

A set of six nursery ponds - one bight and flvo small ones—is boing maintained at 
Ennur for stocking and roaring larvicidos, particularly (Jambmla dffmin. Though 
lying adjacent to one another, two entirely different sots of conditiouH are found to 
jprevail in them. While in tho largo pond tho flsh thrives and breed (piito normally, 
in the adjoining nurseries, separated from tho former only by a narrow iwirthen bund, 
all the fish die within a fow hours after stocking, yamplos of wator woro analysed from 
all the ponds and tho following data gathered ; 


Large Pond. 


Small Nursery ponds 


Date 

Time 

Colour 

Temperature (oC) 

Turbidity 

Area 

Depth 

Free C02 

COS (parts perl00,000) 
HC03 parts per 100,000) 

Dissolved 0*2 (CO /L) 
Chloride parts per 100,000) 
Macro vegetation 

Fish 


30-9-46. 

10 *45 A. M. 
Pale Brown 
33 *7 

30 -0 cms. 

150* X 120’ 

4 

Nil. 

1.65 

11.900 

. 8.8 

6.324 

12.0 

Hydrilla, 
Ceratophyllum. 
Qambuaia affinis 


30-0-46. 

10 ‘45 A. M. 

Nil. 

32*3 to 33*1. 

30 ‘Ooms, 

15' X 10'-25’ X 15’ 

2’ •— 3’ 

4 *386 ft.— 8 *460 
Nil 
Nill 
6.0 

4.310-4.624 
16.0-26.1 
Eydrillaf lotus, 
marginal grass. 

Nil 
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Plankton was nil in the smaller nurseries. Macro-vegetation was luxuriant in the 
pond as well as in tho nurseries. 

The excess of free carbon-di-oxido, absence of carbonates and bicarbonates and 
the consequent low pH (loss than 6.0) appear to b© the chief factors causing persistent 
mortality in tho nurseries. Tho influonco of natural bottom spring is probably res¬ 
ponsible for tho accumulation of free carbon-dioxido, covering the bottom withn 
layer of coral calcito, chalk or broken shells and tho introduction of Chara have beea 
suggested to neutralise tho effect of carbonic acid. 

51. On tho Bionomios of Catla CaUa (0. awtZ V.) in South Indian Waters. 

P. I. Chacko and G. K. Ktjeiyak, Madras. 

Through systematic stokeing operation since 1922, the Madras Fisheries Depart¬ 
ment has succeeded to acclimatise and establish Catla as a major fishery in inland waters 
of South India, In its new environment, the food of the fish is found to consist of 
diatoms (CoscinodwrAis, Cosmariumf Gyclotella, Eraemo^^phaeraf Faragillaria, Navicula, 
Pinnularia and MeloHra) —25%, crustaceans such as copepods and shrimps-25%, 
algal matter (Volox, Hydrilla and (7/iam)-30%, Protozoons (Difflugia and ^ Vorti^'Mla) 
-5%, Polyzoons -1%, sand partieles-4% and other unidentifiable items-10%. 
Tho fish attains mautrity when 22 inches in size, and breeds in the river systems from 
July to November. Tho ovarian and fertilised eggs are 1.03and 4.38mm in diameter. 
Period of incubation is 18 hours. The hatchling is about 5mm in size, and it becomes a 
fry within 4 days and is characterised by largo rod tinged operculums. It has attained 
29 inches and 9 lbs in the first year, and 3 to 4 feet and 40-501hs, in three years. The 
rate of survival is 90%. 

52. Hydrobiological InveRtigationa of t.he Godavari River with reference to 
tho Indian Shad, Ililsa ilisha (Hamilton). 

P. I. Chacko, S. V. Ganapati and A. R. K. Zobaibi, Madras. 

Tho Hilsa enters tho Godavari upto tho Anicuts, about 60 miles form the sea, during 
July -October for spawning. Tho methods of fishing employed are destructive. The 
hydrological conditions are—^turbidity : 5.6-30.0 cm., temperature : 26.4-31.8®C,Free 
COa :0-0.006, COj ; 0-0.9, pH :7,9-8.3, dissolved oxygen: 1.130-5.606 cc/1, chloride 
0.5-206.0, phosphates and nitrates ;nil. Current is greatest at the surface, being 1500 
cusocs. Plankton in the river consists of Navicida^ Stauroneis, Aidaood'i^soust Gcsiinodi* 
scuSf OscillaloTla^ c.opcpods, daphnids, crustacean larvae and aquatic insects. Females 
predominate tlio Hilsa shoals. Sexual maturity is attained when 14 inches by the 
females, and 11 -5 inches by tho male. The fish abstain from feeding during the season. 
The amount of fat in a spawner is half a pound. About 13 lakhs of ova are present 
in ono individual. Tho ovarian and fortilisod eggs are 0-72 mm in diameter. Artificial 
fertilisation is easily accomplished. 

53. Fish Production in Religious Institutional Waters. 

P, I. Chacko, Madras. 

Religious institutional waters servo as fish sanctuaries, breeding and distribution 
grounds, and as fish production centres in Madras. Tho ecological conditions in these 
waters are favourable to fish life. The macrovegotation usually occurring in them 
are Naymphaea lotus, N. ruhra, N. stellata, Nelmnbium^ speciosum, Jussiaea repem 
Ipowi>ccb (iguctticckf GoTCbtophyllwM doYYh&tsuv/i, Efydfilla verticiUetta, VoillisuericL spiralis, 
OUelia alismoides, Eichornia. speciosa, Typha elophantina, Pistia strcLtiotes, L&iuna poU 
yfrhiza and Potomogston pectinlatus. Plankton is represented by Ainphora, Andbaena 
Aphanocapsa, Garidina, Ghaetoc&ros, GlosteriuTU, Cop&pods, OosciTiodiscus, Gosmarium, 
culex larvao, Gyclops, Daphnids, Ephemorid larvae, Eudorina, Euglena, fish eggs and 
larvao, Oloecapsa, Halosphaera, Helioza, Lyngbia, ^ Mastogloia, Melosira, Micronecta, 
JMl'icrooystis, Nauplius larvae, O^dogonium Osoillatoria, Pediastrum, Plsurosigma, Spiro^ 
gyTa, Spifullina, Staurastrum, Suirerella, Synedra, rotifers and veliger larvae. Tho 
growth of in the first year is : Gatla ; 21" Jk 7 lbs, Gouranii ; 10^ & 1^ lbs, Ohanos : 
25" & 2 lbs, EtrO’-plus suratensis : 9" & i m, and Barbus hexagonolepis : 7" & i lb. Catla 
has attained 3 feet and 35 lbs in there yoars in the Madura teppakkulam. A crop of 
600 lbs, of fish was harvested in 10 months from the Puraswalkam temple tank, about 
36 cents in area. Gourami and Etroplus freely breed in those waters, and thus become 
seed sources. Fish roaring also reduces mosquito larval incidence and thick water 
blooms . For the latter, Baabora darmonivs is best suited, 
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54. Growt -rate of Twenty-one ^Spccic£^ of Fis1ioi=; of MarIraB. 

P. I. Ckaoko, MadraR. 

Tho follow! cf IB the maximum growth in tho firnt year of life of 21 Bpoeir^H of fiBhos 
reared in depa ’ nontal and private farms iix Mn-dras. 1 To/’Arr/o>?/>/. ftUn 10 Ihs ; 

Tjctheo ■ 15^', 2 Ihs ; JS, calhdftu Ihs ; L* rohlfd 20'^ 0| Ihs ; h. Awitma 

—9^, I K); Os cMlm thmmsm IT, J Ih ; Olrrhlm nnhom - lO'", 1 Ih ; (h rrha 8"' 
^ lb ; C. fulun - T, •} Ih ; datla 9 lbs ; Thjnoihhthys mmlkhol T, .1 lb ; 

mrhiis herac/onf. i th ; Meyalops nfpnnoidvH M lbs: ehaum^ 

18'', li lbs {Notopterm potoptorns ^ ••'IT, 1 lb : /'va/av vAlmriJot^ 18'', aj lbs ; Ophirrphtiliifi 
7 mntUus--W, 4 lbs; 0. striatus Osphrornmns mminil 41", U lb. 

Btroplus sura tmsis 11", I lb and Cyprinua mrpio var apenilnria • 1(1", aj lbs. These 
data enable fish farmers to foretell and control thoii* IIhIi c*r(^pH. 

55. On the Significance of tho Acoosaory Rings on tho Scales of lliha ilifiha 
(Hamilton). 

P. I, Ghaoko and A. R. K. Zobatkt, Madras. 

Investigations conducted by tho authors have rovoalod that tlje accoBsory rings 
present on the rings of Hilaa ilisJia indicate tho ago and growth -rate of the fish. Scales 
from 170 specimens of both aexos, varying from 10*2 to 20*8 inches in body length, 
collected from the (3-odavari delta, wore examined. Tho number of rii^gs wu.h found 
to represent the body length of tho fish in inchos, ar\d also the t)robn,V>lo age of t>htv fish 
in months. Thus tho specimen of 10-2 iuohoa in body length had 10 ac(‘Ossory rings 
on its scalo ; and the specimen 20 *8 inches in body length 21 a(U‘,oHMoi’y ringn. bbirtlw^r 
investigations aro being pursued to ascertain if the fish contiuf’is to grow in hizo and 
to add to the number of accessory rings until its natural death. 


66. On the Productivity of a Fish Pond in Vizagapatam. 

P. I. Chaoko, Madras. 

The Dykes Pond in Vizagapatam town is used for fish roaring by blio dopartinont 
of fisheries. It is 2 acres in area with a maximtim depth of 12 and iV fef>b iN\ 4 poctively. 
After necessary preparations, it was stocked with 260 fingorlings of Labeo rohlta, 3083 
of L, fimbriatus and 1013 of Catla cahla, from August* to October 1016. A (Ish-erop oC 
2210 tbs. comprising of 60 L. rohita (12-18" Sc li-2J lbs), 443 Catla (ID-,18" Sc 1-3 lb^) 
and 1600 L. fimbriatus (10-13" & f-H lbs) was harvested in Mamh 1040. The recuupt 
and expenditure were Rs 863 and Rs 323 rospoctivoly. Tho potul was again ntoc-kod 
with 6760 fingerlings of Catla, 1094 of JSabeo calham and 120 Of OlrrJmm rrhrt in August 
and September 1946. In March and April 1947, another crop of 2315 Ib-j (comprising 
of 180 L. roUta (12-28" & 1-0 tbs), 1020 L. calbmu (10-13" Sc J-IJ lb-(), 422 L. fimbrlatua 
(11-16" & i-lj tbs) and, 3900 Catla (10-10" Sc J-2J- Ib.M) was harvivsti^vl, Tho nwvnpt and 
expenditure wore Rs 000 and Rs 88 respectively. The av(U’ag«» i^rodiK^tion of 1130 lbs 
of fish per aero, per year and tlio rato of growth of tho Hpo(ii(^s are satisfiK^tory. 

57. Notes on the Bionomics of tho Millions, .Mififm ntimVilm {I?ctovH) 
in Madras Waters. 

P. I. Chaoko. and R. S. Vbnkatramak, Madras, 


_ ieksto ret^Mus, ooasiderod not to be found in India Hition tlio foikim of tho stook 
introduced by Major Selby in 1909 to aoolimatiso in tho country, was diHOOvornil in tho 
pored waters of the Rameswaram temple in Fobniary 1940. It was then transplanted 
mto waters in the districts of Madras, Tanjoro, Malabar, Salom, Cuddappah and Kiirnool, 
where it has since bred and established itself. In tho environments of Maclras provincial 
waters, the species is found to be hardy and breeding throughout tho year at intervals 
^ throe weeks, bringing forth 6-7 young ones, 10 mm in length, at each parturition. 
The size of the ovarian and fertilized eggs is 1 -66 and 2*01 mm. Tho fish foods on 
\Navwula, Cosmmum, Synedra, Cloaterium, Pinnularia, FrarjUlaria, Mdosira, NitzsoMa 
and Surbrella)~-Z0% ; u^eot life, including mosquito larvae—26% ; Crustaceans such as 
copepods, daphnids and oyprids—20% ; alffal matter such as lno6ae»a, Oladophora, 
Omllatona, Pedmirum and Spirog}ir^lS% ; Rotlfe.ru—5% ; Larval wormt—Z% and 
misewlanomis staff 2%. It is a larvicido of modorato utility, its rate of larval nonsump 
tionhemg 20-80 per day. It may , however, become in oourso of timo, a usoful addition 
to the indigonous larvivorous species. 
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68t Gobioid Fishes of Bombay. 

I). V. Bal and 0. B. Gupta, Bombay. 

This paper deals with the taxonomic notes and distribution of a number of Gobioid 
fishes along the shores of Bombay and its noighbourhood. Of the 38 specios recorded 
hero two are now to sfnonce and arc closcribod in detail. As regards the known species 
a number of variations in tlui range of fin fonnulao, the various proportions of tho 
body and its general colouration were obsorvod and are given as an additional informa¬ 
tion. Tho variations not<^d are strictly in ac-oordance with those observed on comparing 
the local spociinons with the description givon by Komnans in this memoir on “Gobioid 
Fishes of India 

69. Nucleolar activity in the Oocytes of bome Marino Teleostean Fishes. 

H. S. CHATJDHEy, Cuttack. 

This paper deals with an interesting phenomenon of nucleolar extrusion in the 
cytoplasm of tho eggs of some marine teleostean fishes. The nucleoli in the young oocy¬ 
tes are fairly big in size and are strongly basophil in nature. They pass out into the 
cytoplasm through tho nuclear mombrano as whole bodies. On reaching the cytoplasm 
they travel towards the egg periphery, whore they ultimately disappear without taking 
any visible part in tho process of vitellogenesis. It has boon clearly observed that the 
extruded nucleoli arc neither myth nor artifacts duo to any mechanical injury, 

60. Modification of the facial structures in tho Major Carps of India in 
relation to their feeding habits. 

H. K. Mookbujei and D. N. Ganguly, Calcutta. 

In this paper attention is directed to study tho correlation between the food, feeding 
habits and the changes in tho facial parts during tho developmental period in the four 
major carps, like Oaila catlap OirrMm mrigala, Labeo rohita and Laheo calbasu. 

The above four major carps can bo grouped into throe associations according to 
their feeding habits j- (1) Fish which feed mainly by sight, (2) Fish which feed by 
sight aided by tasj;© ,and (3) Fish which feed mainly by taste. These fish are bathy- 
metrically distributed jsomo of them feed at the surface of the water, others at the midfie 
and tho rests are obtained at tho bottom. Gatla catla, the example of the sight-feeding 
type, is a surface feeder ; Girrhina mrigala, tho example of both sight and tasto-feeding 
type is a partly surface feeder and partly bottom feeder ; Laheo rohita, a member of the 
taste-fooding typo is mid feeder, aiid Labeo calham, another member of the taste-feeding 
type is completely bottom feeder. , 

From tho study of tho modificatifms of the facial structures during tho develop¬ 
mental history of tho abovo typo it is obvious that tho sight foedors possess large eyes, 
big upturned mouth well adapted for perching, and tho absence of sensory papillae and 
barbels in tho abovo area. Whoroas in tlio tasto-feoding typos opposite characters 
are found, and tho intonnodiato form possesses the characteristics of the both in a more 
or less degree. 

It is noticed that during tho early parts of tho developmental history all the types 
take in similar diet and all possess similar facial structures and habits. This condition 
s clearly visible in 10 to 12 mm. stages of all tho types of carps. Tho gradual differen¬ 
tiation of tho structures commences from the 14mm. stage and progresses very slowly 
upto 20-22 mm. stage as during those stages tho diet and tho mode of feeding practically 
remain unchanged. The differentiation is very rapid in the stages between 23-50mm. 
as during this period food and feeding habits also undergo changes in different types. 
By this time the bathymetric distribution of the feeding range is also established. 

The degree of differentiation becomes tuiohanged or very little changed from 50 mm 
stages upwards as during this period no further change in the habits or food is marked. 

61. On the probable inter-relationsbip between the Major Carps of India. 

H. K. Mookeejbe and D. N. Ganguly, Calcutta. 

All the four types of the major carps of India, viz, Gatla catla, Girrhina mrigala 
Laheo rohita and Laheo calbasu are identically same and possess similar feeding habits 
and bathymetric distribution during the early stages of their development, The sequ¬ 
ence of development in all of them is also very similar. 
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The presence of the obvious correlation between tbe 

S§»“3£^S:itrtS 

StirSeXSLIes^^^ . . 

The fact that the barbels and sensory papillae are relatively 
Oirrhim and Labeo and the absence of them in Gatla argues m ^^^^^ture^ 

pAcentlv developed characters. Would it not be the case, vesbigeale of 
fshnnld have persist in Gaila catla as it is well kmown how tenaceously vestigial stme- 
tirres Tiersist even when they do not subserve any conceivable function, so long as their 
StClfhSSt tho Organism. In the oie of 

their presence would not involve any serious tax on nutrition during the hfo 
KJb^ detrimental in any other way, and under euch ®i™^“®V,Xiont to 
had been evolved for any special purpose, the tendency 9^ W beefm^st^' 

secure their retention even though their primitive physiological value had become lost. 

From the sequence of development, following the recapitulation 
justify that the extremely modified form Uka Laheo aaibasu had dave^Ped W the 
less ^ecialized form like CaOa oatla through tho intermediate forms like,awrAina m i- 
gala and Laheo rohita. 


62. Pyloric Ceaca in Mugil troschelii Bl. 

M. Eahimxjllah:, Hyderabad-Deccan. 


The morphological details of the alimentary tract in general and the structure 
/and dispo.sition of the pyloric caeca in particular have been described. The caeca in 
this fish are numerous and are found clustered over tho Crop in the forni of bimohos, 
each bunch consists of three to four diverticula opening into a duct, those ducts m turn 


open into the pylorus. 

The caeca of this fish have bean discussed in relation to those of other members 
of the fam. Mugilidae, and it has been inferred that the disposition and the number o 
the caieea have practically no taxonomic importance in the systematic study of fishe 
even in a single family. 


63. The struotnrej form and development of scales in Mugil sp. 

S. Mookerjee, Calcutta. 

This paper embodies details of the structure, form and development of scales of 
3f. sp> A morphological survey reveals the characteristic feature of the scales. 
The location of focus, the nature of circuli and disposition of radii have been studied in 
these scales. The posterior £.elds of the scales are delineated with small elevations, 
placed one after another in a linear way. 

Developmentally it has been found that these scales are like cycloid scales at thoif 
earliest phase, later they assume the adult condition through successive phases or 
development. 

The affinities of these scales with, cycloid and ctenoi d scales described previously 
have been indicated. 


64. On tbe Development of tbe Vertebral Column in Crocodilia. 

H. K. Mookeejee, and E. N. Bhattacharya, Calcutta. 

The notochord of Crocodilia has two sheaths instead of one. Centrum is fromed 
by two concentric rings of perichordal tube instead of one and not by addition to or pro¬ 
longation of the base of the upper (or in some cases by addition to the lower) arch as 
stated by previous investigators. The upper arch rests at the dorsal corners of the 
concentric rings of the perichordal tube and there is a suture in between, giving their 
distinct identity. The dorsal arch is formed not only by the basidorsala of either side 
but, there is a third piece of cartilage as supra-dorsal from which the neural spine is 
formed. Apart from cartilaginous basidorsala there are membranous anterior and pos¬ 
terior cmnective tissue arches which are also transformed to a cartilaginous condition 
at a much later stag©,. These three elements are responsible for the formation of the 
v/pp&r arch which escaped the notice of previous workers in this line of enquiry. The 
biventral element represents a flat piece of cartilage for the atlas vertebra. The rest 
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of tlie bocly-verfcebrae have united hasiventralia as intercentra* Caudal vertebrae have 
regular haemal arches with a third piece as infraventrals, the existence of which was 
not known. 

^ Two types of ribs are present, one is the ventral rib articulating with the united 
hasiventralia of atlas vertebra with one head (ventral), the rest are all of the dorsal type ; 
a few have two heads and others have only the trabecular process articulating with 
diapopliysis. 

\ 

65. Observation on the Bursa of Fabricii in Domestic Fowl. 

J. N. Rudba and S. Mookebjee, Calcutta. 

Bursa of Fabricii of birds has a much debatable existence in the adults. Various 
workers have formed different opinion about the fate and function of this structure. 
In order to elucidate the fate and fimction of Bursa Fabricii, a large number of 
adult fowls were examined by us. Morphological and histological studies revealed the 
well developed condition of this structure and the presence of copious sperms inside the 
Bursa led us to assign the function of a spermatheca to this structure. 

Detailed anatomical and physiological works are being carried on. 


66. Reproduction and Early Pregnancj^^ in the Vespertilionid Bat— 
Scotophihis loroughtoni (Thomas). 

A. Gopalakbishna, Nagpur. 

A general survey of the work done on the reproduction of Micro-chiroptera indicates 
that the sex rhythm of the bats of the cold climates is very different from the same in 
the bats of the tropical regions. In the European varieties usually copulation occurs 
during late autumn and the Spermatozoa are stored inside the genital tract of the female 
through winter and fertilization occurs in spring. These spermatozoa therefore, hiber¬ 
nate for nearly 5 months. (Harrison Matthews 1939). Several authors working on 
American bats have recorded that copulation occurs in spring, and is immediately 
followed by pregnancy. (Mary, J.Guthrie 1933). The only work on tropical bats (B^er 
and Bird 1937) shows that in New-Hebrides copulation occurs in spring only, Harrison 
Matthews has also recently shown (1942) that in most of the African bats, presumably 
there is nothing comparable to the winter hibernation of spermatozoa as occurs in Euro¬ 
pean species, ^ 

The present study also proves that copulation occurs at the begining of spring 
and is followed by fertilization and pregnancy in Scotophilus wroughtoni. The males 
and the females come to sexual activity at the same time of the year, that is spring. 
There is an annual breeding season . The males and the females become fecund in their 
first year, that is before they are one year old a phenomenon which has not been recorded 
in any species of micro-chiroptera so far. 

of soarly stag pregnancy :— 

The earliest stage obtained was morula. A slightly later stage with clefts between 
cells is also observed. The third stage was an un-implanted free blastocyst which has 
differentiated into an outer trophobleist and an inner cell mass which is attached to the 
trophoblast at one pole. Further stages are being studied, 

67, Plant Protection Service. 

K. B, Lal, Cawnpore. 

Plant Protection Services, whether organised by- the Central (^vemment or in 
the provinces and states, being new ventures in India, raise certain improtant issue of 
principle, organisation and operation which call for discussion. The main functions 
of a Plant Protection Service must be to organise large-scale control measures against 
pest and plant diseases, to prevent their entry or spread in the provinces and states, to 
predict and issue warnings against them and to educate the farmer in the methods and 
need for their remedies against them. 

Though goverments must always provide technical advice and assistance in fighting 
pests and diseases, in the initial stages of the Service the entire cost of all operations also 
must be borne by them. This latter concession is nescessaiy because the cultivator 
is not yet in a position to realise the benefits that may accrue to him from the adoption 
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of toeasures against pests diseases. After the stage of intensive persuation and pro- 
poganda passed, some legislative measures may be necessary to compel such 
cultivators as do not adopt control measures against pests and diseases or allow others 
to do so, thereby injuring not only their own interests but also those of their neighbours* 
Legislation should also be necessary to regulate the sale and manufacture of insecticides 
fttngicides. The issue of forecasts of pest and disease ourbreaks organisations of 
quarantines against pests and diseases and propaganda must always be the responsibility 
of governments. The Central Government should undertake the training of staff needed 
for Plant Protection Services, arranging the courses of training in such a way as to allow 
ample scope for specialisation in different branches of plant protection work. Plant 
Protection Services must continually collect facts and data for assessing the efiieacy 
of the measures adopted by them. The Service nust be under a unified control and be 
alive to need for collaboration with research workers on the one hand* and with 
district agricultural staffs and indeed all those interested in village improvement, on 
the other. 
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President : K. Ahmad Ohowdhdry, D.Sc., F.N,I. 


Cryptogams 


1. A revision of the genus Turbinaria Lamx. 

Franobsoa Thivy, Madras. 

Miss E. S* Barton’s famous monograph of the genus was written in 1891 and since 
then important collections from all regions have accumulated and have necessitated 
a revision. 

Barton recognized 9 species and 2 varieties. While the former are maintained^ 
the latter are here raised to species and several new species are reported. Additional 
specific criteria have been established. The geographic distribution of the species 
is considered here to be discontinuous* 

A sjmoptioal key to the species, illustrated specific descriptions, references to 
literature and citations of herbarium specimens are provided. 


2* Asterionella Krusadiana Sp. Nov. j&rom the Gulf of Manat. 

Fbancesca Thivy, Madras. 

The specimens were found free-floating in a sample of water from the channel 
between Krusadi I. and Pamban I. on the 28th February, 1917, along with Erifuilus 
leaves with epiphytic Spirorbis shells. 

Resemblance to A. hariana Grun., Cleve & Grun. in forming spiral colonies and to 
some extent in the shape of the fhistules, to A . notxita Gnm. in the frustules in a chain 
diverging in all directions., and to both these species in the presence of a number of clno- 
moplasts scattered throughout the frustule, is found in the specimens xmder discussion, 
but the broadly cuneate shape of their frustules, marks them as being distinct from 
either of the above species. The broader ends of the frustules are joined to form the 
chain and the tapering takes place towards the free, faintly rounded, narrower ends. 
A detailed illusl^ated accoimt of the new species is given. 


3. Algae of the ponds at the Govt. Fish Farm, Madras. 

Feaobsoa Thivy, Madras. 

A systematlo study of the algal blooms and littoral algae of the fish ponds was 
carried out during the year, August 1946-47. Over eighty genera are represented* 

The phytoplankton is on the whole of the '‘Baltic” type as it shows predommaaoe 
of Ohlorococcales and Myxophyceae and paucity of desmids- In some possds Eugle* 
nophyoeae are often dominant, which is a pond as against a lake feattne. The oomposi* 
tion of the phytoplankton in the different ponds, which are under similar conditions, 
also oontrasts with lakes in its diversity. 

Illustrated descsriptions of the species and ecological findings are given* 



Proc. 35th Ind. 8c. Gong, : Abstracts 

4. Some New Hosts of Gcfhaleuros. 

K. M. Safeetjlla and H. C. Govindu, Bangalore. 

In the present investigation the authors have recorded a number of hosts of the 
alga CephaUuros, The infection of this is very intense during the raniy season. 

On Psidium guajava L. and Olea dioim Roxb., the alga is dp^itoly parasitic in 
nature. In these cases a^groater portion of the thallus of the alga is intramatrical, as 
a result of which, the o©lls‘ of the leaf tissue of tho host assume a polygonal aspect. Out 
of the twenty seven hosts collected, except the above two hosts, the rest show that the 
alga is essentially epiphytic. In a few cases, the alga, oven as an opiphyto, causes damage 
to the host, by reducing tho photosynthetic area by forming innumerable dense orange 
coloured patches. 


5. Indian Sphagnums. 

Astin Kumar Sarma, Calcutta. 

Very little work has been done on Sphagnum mosses of India. A complete list 
together with a key, descriptions and their distributions have boon drawn up with spe 
cial reference to the little Imown species. It has been found that out of IG species 
occurring in India, 5 are endemic. The distribution of Indian Sphagnums in relation 
to their world distribution is discussed in the paper. Tho various economic uses of 
the genus with special reference to their absorbent property and as such their uses as a 
good suhstituto for bandaging in surgical operations have also been dealt with. 

6. Sargassums of Indian Seas. 

Kalipada Biswas and Arun Kumar S^arma, Calcutta. 

Collection of this seaweed dates from as early a period as 1820. Tho total nrnnbor 
of species recorded from Indian seas is 33. These are distributed along the coast linos 
of hadia and around the islands of the Indian Ocean, particularly the Andamans, the 
Nicobars and the island of Ceylon. There are 3 endemic species in India. A thorough 
description and a key to the different species of Indian Sargassums have been given 
in the paper. The range of distribution of these species has been delineated in the map. 
It has been observed that the Indian species show a greater affinity with tho Pacific 
and Malayan ones. About 45% of the Indian species occur in the Pacific, 33% in the 
Malayan region and 6% in the East African coasts. The distribution of the Indian 
species of Sargassums against the backgroimd of their world distribution has been dis¬ 
cussed in the paper. 


7. Distribution of Indian Lichens. 

K alip ada Biswas and Dharani Dhar Awasthi, Calcutta. 

The total number of authentic species of lichens so far recorded from India is 
about iOO, under 115 genera and 38 families. If the varieties and form are included, 
the number comes to 800. The records made are chiefly from the eastern and the wes¬ 
tern Himalayas, Bengal, Assam,^ Madras, Nilgiris, Ceylon and the Andamans. The 
picture of the distribution of Inffian lichens though cannot at this stage be complete 
with many parts of India still lying unexplored, yet the preponderance of some families 
in a particular climatic zone can be clearly demarcated. 

rain forest region of the east Himalayas are rich in folios© and fru- 
ticose lichens belonging chiefly to GoUejnaceae Stictmeae, Peltigeraceae, Oladoniaceae, 
PermeliMeae^Usneaceae and Physciaceae, while the subtropical and tropical belts of India, 
Ceylon and Andam^ are dominated by Qraphidacme, Pyrenulaceae, Thelotremaceae 
Total number of endemic species is 316 confined to botanical regions of 
India and four small genera only are considered endemic. 


particularly the oUmatic factor mainly control the dis- 
tnbution of lohe^ m ^dia. The tropical lichens, majority of which are erustapceoua 
a^ity to tlw allied species of the East Indies, Australia, 

^ I, temperate region show 

closer afaxuty to those of China, Japan, Europe and Temperate America 
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8. The Cryptogainic collection, of the Royal Botanic Garden, Calcutta. 

Kalipada Biswas a7id Dhabani Dhar Awasthi, Calcutta. 

The Oryptogamic collootion in the herbarium of Royal Botanic Garden, Sibpur* 
dates for a period of about a century and half. The collection is composed of good 
number of specimens of Algao, Fungi, Lichens, Mosses and Ferns representing different 
parts of the world. The liverworts are very few in number. The ferns representing 
the collections of India and adjacent countries are too large for consideration in 
the present paper. 

The approximate number of specimens in each of these classes of plants is Algae 
-3800, Fungi-24:00, Lichons-3100 and Mossos-OOOO.Of these many are undescribed, un¬ 
recorded and some are even new to science. These are all being arranged in classified 
order with a view to treating each of these classes in detail separately. 

It is hoped that the informatiom given in the paper will be helpful to those working 
in these branches of Botany. Type specimens of the different groups may kindly be 
sent as a gift or in exchange for their proper preservation to the Herbarium, Royal 
Botanic Garden, Calcutta,—the National Herbarium of India,—where Cryptogams along 
with the Phanerogams are receiving due attention. 

9. On Aspiromitus mamillispora Bhardwaj Sp. nov., from Kandy, Ceylon. 

D. C. Bhardwaj, Lucknow. 

In this note the author describes a new species of Aspiromitus St. {Sp. Hep. V,p 
957, 1912-17), from kandy, Ceylon. The specimen was collected by Dr. S.K. Pande 
in December, 1939, 

Dioecious, thalli small, more or loss fan shaped, thin and soft, bearing mature spo- 
rogonia 20-30 mm long. Involucre 2-2.5 mm solitary; Spores dark brown, warby-mam- 
illate about 40 microns. Elaters brown, long, multiseptate, slender and unbranched. 
No male plants were seen. 

10. A Preliminary Report on the Mushrooms of Baroda. 

S. T. Moses, Baroda. 

The practice in cutch, where annually the Maharao receives the first mushroom 
crop - Use of mushrooms in Gauri Puja - Hints to distinguish between edible mushrooms 
and others - Puffballs, ‘Horn of Plenty’ and ^Ghattri^ are other edible Fungi- Spores 
of mushrooms the chief duo to identification and their colour variations- Difficulties 
in collection and preservation - The food value of mushrooms and the imperative need 
for distinguishing the edible ones from the poisonous ones -Mushrooms to bo used mixed 
with other vegotablos, prawns, fisii etc - Six selected recipes for curry, pickling, stew, 
savoury etc - Mushroom cultivation and fishculture- A tentative check list of mushrooms 
in the State— PsalioUa, {Agaricus), Marasumus, Lepiota, Amanitay Coprinus, 
Hygrophorits, Volvaria, Fluteus, Hypholoma, Russula, Armillaria, Fleurotus and 
Psethyrella, 

11. On Camptylonema indicum Sclimidle and Oamptylommopsis gen.nov. 

T. V. DjasiKAOHABY, Madras. 

The genus Camptylonema was established by Sclimidle on an alga collected from 
Bombay, which he called Oamptylonema indicum. This genus was placed by him under 
the Stigonematacea. Ghosemnd, following him, Geitler doubting the occurrence of true 
branches in the alga, transferred the genus to the Scytonemataceae. 

An alga agreeing in all respects with Camptylonema indicum Schmidle was recently 
recorded by the writer from Cochin. This alga is considered by the writer the same 
as Schmidle’s O.indicum. It possesses true branches in addition to false-branches. The 
genus is therefore retransferred to the Stigonemataceae, 

Following Geitler’s suggestion, a new genus, Camptyloneytiopsis, is created tenta¬ 
tively to include all those forms possessing crescent shaped filaments, but not showing 
true branches. This new genus is placed under the Microehaetaceae. 

Three new species and two new combinations have been included under tbis new 
genus, Camptylonemopsis, viz., G. pulneyenis sp.nov., G.minor spnov., O. lyengarii 
sp.nov,, <7. lahorensis (Ghose) comb.nov., and <7. DanUovii (HoUerbach) combmov, 
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Phanerogams, Taxonomy and Ecology 


12. Indo-Barmese species of Orewia Lion. 

V. Nakayaitaswami and R. Sisshagiei Rao, Calcutta. 

Much confusion exists in the synonymy of species of tho genus, Orewia Linn. 
Specific limits of a large number of the Indo-Burmeso spocios of tho genus require re¬ 
orientation inspite of the critical work on the genus done during tho past tlrreo decades. 
A complete revision of the genus has therefore become necessary. 

The genus is mainly confined to the Tropical and Subtropical zones, Africa,claiming 
about 100 species and India and Bunna, nearly 45 species. With the data collected 
we conclude that Africa has been perhaps the original home of Ch'ewia Linn, from 
where, the lines of distribution might have proceeded first towards Peninsular India. 
Prom there, two diverging lines of distribution one to the North-east and the other 
to the South-east appear to have arisen. 

As a result of om critical diagnosis of the genus, we agree with Burret in 
raising the two sections of the genus Orewia Linn, namely, and Microcos 

to generic rank, namely, Microcos Linn. Confusions in groups, Tiliaefolia 
and Hirsuta have been elucidated. Our critical study of tho three closely allied 
species, namely, Orewia asiatica Auct. (non.Limi), 0, suhinaeq^ualis D,C. 
and G. Hainesiana Hole shows that they are all only Eco-forms of the common 
Indian wild species namely, 0, subinaequalis DO. O. asiatica Linn, originally 
described from a garden plant at Surat (India), dose not seom to occur now in In¬ 
dia. Nomenclatural revision of some of the species of Flora of British India has been 
carried out. 


13. Revision of Indian Trapas. 


Kalepada Biswas and Jvotirmay Mitra, Calcutta. 


The systematic position of the Indian Trapas received not much attention of the 
In dia n botanists so far. There are 5 species recorded ficom dijEforent parts of India. 
Of these Trapa hispinosa Roxb. and Tarapa natans Linn, are the most widely distri¬ 
buted species.' T. bispinosa Roxb. is mostly confined to the plains whereas T.natans 
Linn, generally grows in the lakes, pools and puddles in the hilly region upto the ele¬ 
vation of 4,000 ft. in the foot of the Eastern Himalayas. 

The distribution of the genus Trapa is rather limited being mainly confined to 
the old hemisphere as shown in the map. 


Detailed examiimtion of the Sibpur Herbarium specimens and other parts of the 
world, however, le^ to moMcation of some of the conclusions hitherto arrived at 
on Indi^ species of the genus Tmpa. Detailed investigation of the two species namely 
Trapa bispmosa Roxb. and TMaximowkksii Kors has been undertaken together with 
^ studying them^mtemal morphological and cytological characters. Records 

of field observations on the genus m Bengal, the borders of Assam and Burma, 
Lok^ lake, Mampur and South Burma, reveal interesting facts on the nature and 
growth of the species m different habitats. 


Medicinal ^ economic importaaoe of the species and possibiUties of using the 
ruits as a substitute for food grains during scarcity have been discussed in the paper. 


14. Observations on Ipomoaa bihba growing in Benares. 

N. K. Tiwasy, Banares, 


eolleited^af thriw growth of the plant grown from seeds 

collected at Pun in 193o. But at Benares the plant flowers only during the winter 

?hrPfformation has been observed. Lastly, a few 
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15. On some features of Taxonomic interest in the Gamopetalae of Nagpur. 
R. L. Nieula, Nagpur. 

During the last throe years, the local Gamopetalous flora has been studied with 
the object of identifying all plants including the weeds, cultivated plants and forest 
shrubs and trees. During the course of this work, several features of interest were 
observed and tho present communication is just to indicate only a few of them. (1) 
Celsia coromandeliana- At a spot in the old Nagnadi, behind the Maharaj Bagh Gardens, 
three types of plants were seen—the Normal plants, the Giant plants and the Dwarf- 
plants. The Giant plants differed froin the Normal ones in their greater height and 
larger leaves, while the Dwarf plants differed in their larger number of radical leaves 
and their larger size. In both, Giant and Dwarf plants, the inflorescence was never 
so long as in the normal plants. (2) Jmticia quinqueangularis, var, peploides- The 
local specimens of this variety showed several characters suggesting that it serves as 
an intermediate form between the typical J, quinqueangularis and the typical J. peploides 
and that it should be retained as a variety and not raised to the status of a species as 
it has been done in some flora. (3) Rungia repms & (4) Rungia elegans- The study 
of both of these species (3) and (4) showed that these two should be combined into one 
species. Hooker had suggested that Rungia elegans is possibly the larger form of iJ, 
repens but all along, these have been treated as two distinct species in the diflerent 
floras. These show very close resemblances and also some differences to suggest that 
they should be recorded as two varieties of the same species. One plant of Rungia 
elegans proved to be of extraordinary interest in this coimection since on one side, it 
had the decumbent tufted habit of R, repens, while on the other side which was the 
major part of the plant ,it was erect with the branches quite away from each other like 
the typical i?. elegans. Several more plants have proved to be of similar interest. 


Morphology and Anatomy. 

16. Confusion in systematic position in some of the Indian species of 
Rhododendrons. 

Kalipada Biswas and R. Sbshagiri Rao, Calcutta. 

Rhododendrons received attention of the botanists ^^m a vepr long pe^d for the 
magniS and texture of the flowers which are really the glory of the Hima^yas. 

There are nearly 1250 species recorded from the different parts of the '^’orld. <^^ese 
India claims al^ut 86 species, and of these again, nearly 84 species are m t^ E^m 
Klayi? 5 of which extending up to the North-western Himalayas, and Ceylon and 
Nilgiris have only one species each. 

Fie’d investigations reveal that there exists considerable oc^ion m the systo- 
atio position of ttie common species such as D.Don, S.OamOlKutflo- 

rum,'Books., B.eimiabarinum Hook, f., and It.Boylei Hook.t. ^ 

Thn chief reason for such a confusion is the wide range of variations in the siM of the 
1 *■ i/novroo a-nA n+her momhological structures, number of flowers in each bunch, 

plant, leaves ot « ^ soecies mainly due to their adaptation and 

coloim^d texture factors to which this 

acchmaWion, ^ow-faU, temperature in higher altitudes, 

morphological v^mtioM m tto^^^^^^ sufficient scope yet to modify 

K^n^sSto^ a^d observatfons as recorded in some of his monumental puWica 
tions. ■ 

An outline of the study of the genus from the systematic and ecological point of 
view is dealt with in the paper. 
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17. A survey of the Elephanta island flora. 

Muhammad S. Khan, Kurla. 

During 1943-44, Professor P. R. Bharuoha of the Royal Institute of Soionoe, 
Bombay and myself carried out a cursory survey of the floristio olonionts of the 
island. But since then it was thoi^ht to make a fuller sucvoy anti prosont a prospective 
view of the plant envelop to tho visitors of the island who come in thousands to visit 
the caves for which the island is famous at prosont. 

The paper gives a systomatio list of tho indigonous flowering plants of tho island 
and describes the peculiar nature of the flora. 

18. Leaf development at the growing apex and phyllotaxis in Beraclmm- 

Girija Pbasanka Majumbar, Calcutta. 

The origin of leaf at the growing apex and phyllotaxis in development have been 
studied in Heracleum* The leaf originates in two stages, namely, (1) the Initiation, 
and (2) the Emergence. 

The mitiatioYb takes place by the localized activity of tho flank moristom on one 
side of the apex resulting in the formation of the soubessemmt (GS-rogoiro), or tho foliar 
foundation, i.e, the axial component of the primordium. 

The emergence take place only after the desmogon strand, tho future median trace 
of the emergence (the primordium), has differentiated up to the base of tho foliar foun¬ 
dation. Intense activity starts in the corpus derivatives of the foliar foundation just 
ahead of the desmogen strand resulting in the organization of a core of meristematio 
tissue capped by 3 layers of tunica. Soon the smooth surface of the foliar foundatiozx 
is **heaped up” and the foliar emergence has taken place followed closely by the do- 
smogen strand as its median trace in the process of differentiation. 

A leaf is thus composed of two parts ; the axial component and tho free limb, and 
these together make up the phyton, or the growth unit. 

Heradeum has a 2/5th. phyllotaxis with a clockwise arrangement of the leaves. 
The angular divergence is 144°. Developmental studies show that this is true only 
on adult shoots. At the growing point the angular divergence is seen to vary between 
144° and 160°, the widest divergence being noticed between tho youngest primordia 
near the tip. The reason of these variations have been discussed. 

Determination of the cause or causes responsible for the orderly apperance of primordia 
at the shoot apex, has been so far a speculation. Developmental studies offer a so¬ 
lution. Place of a primordium is primarily determined by tho basifugally different- 
tiating desmogen strand which, separating from a lateral strand of a primordium down 
the axis, follows a definite course upwards and enter the new primordium as its median 
trace. Its origin and development precedes that of the primordium. The ‘widest 
gap* is really provided by the formation of the foliar foundation. 

Non-eonrespondence of the position of the abaxial fold or ridge with that of tho 
median strand, and the unequal growth of the two sides of a primordium in the early 
stages of development, have been discussed. 

Other points of interest m this connection, such as, number of primordia in contact 
with the axis at a time at the growing point, clockwise or anticlockwise, disposition 
of the genetic spiral have also been discussed in this paper. 

19. The interpetiolar stipules of Rubiaceae with special reference to 
Paederia foetida Linn and Ixora ^arviflora Vahl. 

Gopal Chandra Mitba, Calcutta. 

The developmental studies of the interpetiolar stipules of Paederia foetida Linn 
and Ixora parmfiora Vahl show that the stipules in both the species are formed by the 
divergences of the product of the fused adjacent lateral extensions of the pair of opposite 
primordia from their bases. The fused portions of the stipule do not undergo any 
independent growth prior to their fusions. The formation and development of the 
stipule do not take place either by intercalary growth or by suppression of growth at 
the apices of the primordia. 

In both the species the development, growth and divergences of the stipules from 
the bases of the primordia are influenced by the branches of the Isi^teral tri^ees of both 
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the opposite primordia which also form their vascular systems. And it is the course, 
orientation and formation of the vascular system of the stipules that determine their 
forms and shapes. The formation, courses snd orientation of the vascular systems 
of the stipules differ in the two species. No swelling of the bases of the primordia 
, opposite the branches of the lateral traces is observed. The tissue of the stipules and 
the foliar primordia do not show similar features of growth and differentiation. 

The stipules of both the species are composite stuctures both in respect of their 
tissues and vascular supply but they differ in developmental details. 

20. Endosperm Development in Lobelia Pyrimidalis Wall, 

K. SuBRAMANYAM, Bangalore. 

The development of the endosperm in Lobelia pyrimidalis Wall, is ah initio cellular. 
The primary endosperm nucleus divides earlier than the egg. It divides just above 
the centre of the embryo-sac and a transverse wall is laid down thus forming an upper 
primary micropylar chamber and a long primary chalazal chamber. Next a vertical 
wall is first laid down in the micropylar chamber and this is soon followed by a similar 
type of wall in the primary chalazal chamber. Thus a 4- celled endosperm is formed. 
Sometimes the divisions in the two primary chambers are simultaneous. Subsequently, 
these pairs of cells become divided transversely, first the lower pair and then the upper ; 
the result is an 8-celled endosperm is formed. Of these, two cells of the first tier develop 
into the micropylar hanstorium, and the last pair of cells into the chalazal haustorium. 
The remaining two middle tiers form the endosperm tissue. The development of the 
endosperm thus follows the Smitellaria-tY^e of Schnarf. The micropylar haustorium. 
which is made up of two uninucleate colls, persists for a long time in the maiu*'e seed 
and is more aggressive than the chalazal haustorium, which is also 2-colled. 

21. The Development of the Female Gametophyte in LiZmm neilgherrenae 
Wight. 

H. C. Govustdij, Bangalore. 

The hypodermal archesporial cell directly functions as the meg^pom mother cell. 
The nucleus of the megaspore mother cell pass through the heterotypic divison, forming 
two daughter nuclei and these in turn undergo the homotypio divisons, thus forming 
a primary four-nucleate embryo-sac. No walls are formed around these nuclei. These 
four nuclei arrange in such a fashion that only one remains at the micropylar end, 
while the other three migrate to the chalazal end of the sac, thus diowing the 14-3 a^r 
angement. All the four nnclei divide simultaneously. The spindles of the three cha¬ 
lazal nuclei unite and a single bipolar spindle is formed. Thus as a result of this third 
division a secondary four-nucleate embryo-sac is formed with two haploid nuclei at the 
micropylar end and two triploid nuclei at the chalazal end. Now, three of these four 
nuclei, the two micropylar and the upper chalazal pass through the typical division; 
the fourth or the lower chalazal nucleus divides in an abortive manner. The mature 
embryo-sac shows a normal egg-apparatus, an upper polar nucleus, a lower larger polar 
nucleus and three antipodal cells; of these the two basal ones are smaller than the upper. 
Thus, the development of the female gametophyte in Lilium neilgherrense Wight con¬ 
forms to the Fritillaria-type, 

22. Prothalli of Qymnogramme calomelanos Kaulf. 

T. S. Mahabale and J. J. Shah, Bombay. 

The paper gives an account of the prothalli of this fern growing wild in the sub¬ 
urbs of Bombay. The prothalli are 0.2—0.5 cm in diameter and are green in colour. 
Their shape is extremely variable ranging from typical cordate or spathulate to some¬ 
thing like cauliflower. In most cases they have 3-5 lobes around a central shaft^rismg 
from the spores. A few gemmae are also found in the midst of the lobes. Th^Trepro¬ 
ductive organs are also variously distributed. In small strap-shaped prothalli only 
antheridia are found whereas in the large prothalli either archegonia or both the arohe- 
gonia and antheridia are found. The gemmae in some prothalli were replaced by apo- 
gamous buds developed near the notch. The cushion as a rule is either not distinct 
or is wanting. 

The genus Qymnogramme is well known for its irregular prot^lli and the present 
species adds on© more instance to the two cases already known in the genus* 

Study of the sporogenesis and anatomy is in progress, 
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23. Several-layeredTapetumin Daemiaextensa, Br. 

R. L. Nirul4 and P. D. Gadkari, Nagpur. 

The family Aselepiadaceae has been studied embryolof 2 ficaUy by Stevens, Frye, 
Gager, Finn, Sabet and Pardi and a number of embryological peculiarities have boon 
• reported. Work on the local plants in Nagpur was undertaken to dotermino whether 
the features known so far characterise the family as a whole. In various respects, the 
study proved fruitful. In Baemia extensa there were obsorvod two microsporangia in 
an anther, linear tetrads of microsporos and a several layered tapetum surrounding the 
resting microspore mother cells. This becamo reduced to a two-layered jacket at the 
leptotene stage of the first reduction division and when the meiosis was complete, it was 
only one layered with much smaller cells. At the beginning of the pollinium development 
the tapetal cells increased in- their size but finally they got disintorgrated slowly and 
slowly. Throughout the whole process of spore development and pollinium formation, 
the tapetal cells remained uninucleate, a few binucleate cases having been observed only 
in the early stages of pollinium development. 

24. Some new techniques in the study of the male gametophyte of the 
Angiosperms. 

N. K. Tiwary, Benares. 

The author gives an account of (1) a modified Carnoy’s fluid in which instead of 
chloroform, sulphuric ether is used. This makes incorporation of colloidin, in tho fluid, 
possible. This modified fluid can be used both for fixing the material as well as for 
making the material stick to the slides, thus facilitating subsequent manipulations 
without any risk of losing the material. (2) making up IN/HCl in 9% alcohol instead 
This fluid is used as a fixing & a hydrolysing reagent & helps to avoid sovoral 
dimculties of the customary technique employed in Foulgen reaction. 


Physiology. 

25. Hunger signs on Mango. 

P. K. Sen, P. K. Roy, and B. N. De, Sabour, Bihar. 

Nitrogen, phosphorus and potassium deficiency symptoms on mango, variety 
• developed a result of moderate and acute deficiencies of those elements 

uutri^t solutions employed in a sand culture experiment have been described 
^tn coloured plates. The inter relation of these elements in mango nutrition has also 
been ctoussed. Plants showing the starvation effects could be brought back to normal 
ne^th by replemshmg the missing elements. The hunger signs thus determined would 
neip to servo as a key in dealing with mineral deficiencies in soils of mango orchards. 


26. Chemical studies in the physiology of mangoes. 

S. C. Agarwala, Lucknow. 

I Standardization of the conditions for the dry weight determination. 

e^erim^ts made to standardize the conditions for the de- 
It has been fruits, at various stages of development and ripening. 

Ob^e^v ^ acoimate to within 2% of the correct value can be 

the neriod of^aT^S>i a hours in the case of mangoes during 

ripening. ^ hours m the ease of mangoes during the period of 


IV- 


-Tannin in relation to necrosis of mango. 


m tannins during growth and ripening of Dasehri, 
diseased orohM* and due to :Lsrols in Doeehrie, 
^Th ^ to the same in ths 

oT^erSS "'f differences in the analytical resulte 

bL^t^ diseased and healthy orchards have, 

been tested statistically. The concentration was found to fee si^o«intly ipoTe 
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&iv the than in the other portions in the healthy as well as the diseased iroits of various 
stages. The concentrations in the diseased regions of the II, III and IV stages of necrosis 
were found to be significantly more than in the corresponding regions of the healthy 
fruits from the healthy as well as the diseased orchards in most cases. The tannins 
present in the mango fruius seem to belong to the pyrogallol and phlobatannin groups. 

. concentration of tamiins in growth and ripening of the mam^o 

A ’ r ^ tannins in the different parts of the fruits and the known toxic 

effect of tannins on fungi, strongly indicate that tannins are rejsponsible for keepincr 
the have entered tho green fruits latent till such time as ripening starts 

and for tho differential tissue resistance of mangoes to the pathogenic fungi. 


27. Penetration of mercuric chloride in some fruits (healthy and diseased) 
and its fungicidal action. 

G. S. Verma, Lucknow. 

The paper deals with some experiments on rate of the penetration of mercuric 
chloride in peeled and unpeeled fruits, both in healthy and rotting condition. 

Fungicidal action of mercuric chloride on some common rot-producing fungi, e.g., 
FtLsarium sp, Rhlzopus sp, Acroihecium sp, Aspergillus sp, Altmiaria sp etc. has also 
been studied on the host tissue and artificial culture. 

28. On the formation of lesion by gases on mango fruits. 

G. S. Verma, Lucknow. 

This paper deals with the effect of sulphur dioxide, ethylene and mixture of sulphur 
dioxide and ethylene on mango fruits with particular reference to the formation of 
1 esions. 

These gases were administered both to plucked fruits of some important varieties 
in the laboratory as well as in healthy orchards to fruits while still on the trees. The 
method of treatment of the fruits with gases was carried out either by giving a conti¬ 
nuous current of desired concentration or by enclosing the fruits in containers with a 
fixed dose for definite periods. Experiments variously devised, have been described. 

Sulphur dioxide gas produces brick-red coloured lesions round the lentioels on the 
general surface of the fruit. Heavy doses produce large dark brown patches through 
the coalescence of these lesions. At low concentrations, the number and size of lesions 
per unit area are roughly proportional to the amount of sulphur dioxide gas administered 
and to the period of exposure of the gas. It has , however, been found that below a 
certain minimum concentration of the gas no lesions are produced even though the 
period of exposure be very much prolonged. 

A certain degree of difference id varietal susceptibility to gas effects has been found 
in the different varieties. 

With very low concentrations (40 : 100,000) under laboratory treatment, the fruits 
showed shrinkage of tissues at the tip accompanied by change of skin colour. The 
shrinking of tissues was uniformly spread with slightly heavier doses. 

This condition of the affected fruits in no way resembles the ‘Black-tip’ disease of 
the mango fruit. 

In the very young condition, the lesions develop with 16 : 152,000 concentration 
which soon coalesce giving the entire fruit dark colouration caiising ultimate dropping 
off. 


Ethylene in low doses (1 : 10,000) induces ripening while slightly heavier concen¬ 
trations (10 ; 10,000) produce brown coloured lesions around lenticels all over 
the of the fruit. The spots or lesions increased in size as heavier doses were given. 
These spots coalesced forming dark brown patches on the skin of the fruit. A concen¬ 
tration of 3 : 100,000 and 5 : 100,000 produced no effect whatsoever when administered 
even for very prolonged periods. 

The effect of sulphur dioxide and ethylene in adm^ure on the fruits was evidenced 
by the formation 6f dark brown lesions. The treatap^^t with low concentrations under 
laboratory conditions induced ripening, and usual ^bons appeared* 
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92, Preliminary studies on the effect of mineral nutrition on the gro 
and development of Jute plants. 

J. C. Sen Gupta, Calcutta, 

Two species of Jute —Gorchorus Capsularis (D154) and O, Oliiorias (Chinsura green) 
were grown in sand cultures in glazed stoneware pobs. There wero 5 pots for each treat¬ 
ment and four plants in each pot i.e., ,20 plants per treatment. 

The preliminary experiment reported here include :— 

(1) Effect of three standard solutions : Hoagland, Knop and Richards with micro- 

nutrients. Sown on 23.4.45. 

(2) Effect of sowing time on the relative influences of the three standard solutions. 

Sown on 23.5.45 

(3) Effect of the omission of elements N,P,K. <& Ca. 

As the plants grew, the total heights, number of internodes, number of mature leaves 
on the main stem and number of leaves shed were recorded separately for each plant 
eyery week. In addition the flowering time and the fruiting time, the number of fruits 
per plant and number of seeds per fruit wero also recorded. In the case of omission 
of elements the visual symptoms wpre also noted, the data being recorded as mean of 
the readings for each treatment. 

Of the three standard solutions tried the best growth was found in Hoagland and 
next in Knop’s. The worst growth was found in Richards. There wore somo differences 
in the effects in the two species. 

The sowiiag time showed certain differences in the relative effects of the throe solutions 
though not very pronounced, and showed a comparatively better growth in the control 
grown in soil in pots in the later sowings than in the earlier. The flowering was in 
general slightly delayed in the mineral solutions. 

The heights etc. in the solutions without N,P,K & Oa and the visual symptoms 
are recorded. These effects are similar in the two species. 


30* A comparative study of the catalase activity of the petals and leaves 
of Hibiscus rosa-sinensis. 

S. N. Pattanaik, Sambalpur. 


In the present investigation, catalase ativity of the petals and young loaves of 
Hibiscus rosa^sin&nsis was determined in the morning, noon and ovoning of bright 
sunny days. 

Erom the experimental data, it is clear that the catalase activity of the petals are 
less than the leaves. In case of the petals ,the catalase* activity increased (very slightly) 
m the noon but a sharp rise is obtained in the evening ,when tho flowers have started 
to fade. In case of the leaves tho results obtained for catalase activity are different. 
In leaves the catalase activity is high in the morning and the values obtained in the 
noon and the evening are comparatively low. 


31. A note on tho tropisms shown by the aerial roots of Banyan, 

N. K. Tiwaey, Benares. 

author’s observations on the tropic behaviour 

cher^^S® ^ °f included lateral bran- 

doTOward, mfluenced by water trickling down the branches 
Others grow vertically down, influenced by gravity. But 
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Mycology and Plant Pathology 

3 The chondrio^ae in the genus Phyto^pUhthora, 

B. S. Mbheotra, Allahabad. 

1. The ohondriome of the vegetative mycelium of the following eleven species of 
Phytophthora has been investigated. 

(i) P. Cactorum. (ii) P- Gitrioola Saw. (iii) P. Gfyptogea, Pethybridge. 
(iV) P. erythroseptioa Pethybridge. (v) P. Faberi (Faber) Maubl. (vi) P. hihernalia 
Came, (vii) P. paeoniae Cooper et Porter, (viii) P. fagopyri Takimoto. (ix) P 
arecae (Coleman), (x) P. Palmivom Butler, (xi) P. meadii McRae. 

All the three forms, e.gr., granular, rod shaped and filamentous mitochondria are 
present in varying proportions* and the fungi may be divided into five groups according 
to the kind of mitochondria present viz ,:— 

(i) Mostly granular e.g. P. Fah&ri [Faber) Maubl. 

(ii) Mpstly rod shaped e,g, P. Gactorum. 

(iii) Mostly filamentous e.p. P. Gitrioola Saw. 

(iv) Granular <fe rod shaped mixed. e.g, P. arecae (Coleman). 

(v) Granular, rod shaped & filamentous mixed, e.g. P. cryptogea Pethybridge. 

2. The mitochondria are seen as long, filamentous and slender bodies of varying 
length lying mostly parallel to the longitudinal axis and constantly moving under the 
influence of the cytoplasmic currents. At the tips they are granular in shape. 

3. Janus green Hocht B and dahlia violet stain them, transforming them into* 
vesicles. The vacuolar system and the mitochondria are stained simultaneously by 
using a mixture of neutral red and Janus green. 

4. Of all the fixatives employed Helly’s liquid and Sublime formol gave good 
results. Liquid of Lenhossek (containing alcohol and acetic acid) did not produce any 
marked change. 


33. Carbon requirements of tlie genus Pythium. 

R, K. Saksena and B. S. Mehrotea, Allahabad 

1. The growth of the following species of Pythium on different carbohydrates and 
alcohols was quantitatively measured under controlled conditions:— 

(1) P. afertile Kanouse et Humphery. (9) P. epipJianosporon Sidoris. 

(2) P. aphanidermatum (Eds.) Fitz. (10) P. graminicolum Subrainaniam. 

(3) P. arrhenomanes Drechsler (11) P. hyphalosticton Sideris. 

(4) P. artotrogus (Mont.) de Bary. (12) P. leuoosticton Sideris. 

(5) P. de Baryanum Hesse. (13) P. mamillaturri Meurs. 

(6) P. de Baryanum Pelargonii. (14) P. polymeron Sideris. 

(7) P. delienae Meurs. (15) P. spaniogamon Sideris, 

(8) P. diameson Sideris. (16) P. rhizophtJioron Sideris. 

2. The fungi did not grow on medium lacking in the source of carbon. 

3. Dextrose, maltose, sucrose and starch were found to be the best sotirces of 
carbon for these fungi. 

4. The utilization of the polysaccharides was correlated with the ability of the 
organism to hydrolyze them. 

5. In majority of the media containing various carbohydrates singly, the acidi¬ 
fication was noticed with the growth of the fungus. But in case of media coAtahaing 
sucrose and starch the acidification was very little. 


Economic Botany 

34. Economic plants of the Darjeeling District. 

Kalipada Biswas and JyoTxbmay Mitba^ Calcutta. 

is extremely rich in economic plants* Vavilov is filUy justified in stressing 
that from the unknown cradle of the South Asia might be discovered many plants for 
our economic uses. The writers’ long search and enquiry into the uses of himdreds 
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of useful Sikkim species of the district of Darjeeling leads to the discovery of marvellous 
medicinal effects of some of the indigenous species- Many temperate crops are also 
grown in the district and these were introduced and acclimatized in this hill region. 
Thorough investigation into the uses of these economic plants has been undertaken and 
the present paper deals with the most common species numbering about 50, of which 
very little is known. 

36. Possibilities of the Manufacture of Rose Oil in India from the roses 
cultivated in India. 

EIalipada Biswas and Peomode Ranjan Banerjee, Calcutta. 

The Essential Oil Committee of the Council of Scientific and Industrial Research 
entrusted the senior author with the investigation on Roses. The bulk of the Rose Oil 
amounting to about Rs. 600,000/- used to come mainly from Bulgaria before the war. 
Here in this part of the Eastern Europe large plantations are set apart and rose oil is 
manufactured on a commercial scale. It is hoped that if rose oil can be manufactur¬ 
ed in India it might be possible to encourage the rose growers to undertake extension 
of their rose plantations on a large scale and save waste of large quantity of petals by 
setting up small factories in the’garden with a view to making India at least self- 
suppporting to a considerable extent with regard to her needs of rose oil used for various 
purposes in trade. 

The work is for the time being confined to Bengal and Bihar. There are about 
.> 6 species of commercial varieties sold in the market under cultivation at present apart 
C rom numerous varieties grown for the garden purpose. 

Collections hi Bengal show that wild species of Roses are It. macrocarpa & R.' sericea 
Lindl. R. marcrocarpa is an extremely valuable rose for texture and attempts are 
being made by horticulturists in U. S. A. and elsewhere to get a hybrid of a very high 
quality and price from this middle Himalayan rose. 

Regarding the chemical aspect, a con^derable percentage of Ascorbic acid (Vitamin 
C) has been detected in the hips of some particular varieties of rose from the Sonthal 
Pargana districts. 4^0 a very efficient acid-alkali indicator has been isolated from the 
colouring matter of another particular variety of rose. Work on these aspects of the 
chemical investigation of rose are in progress. 

36. South Indian seaweeds of economic value. 

Francesca Thivy andS. V. Ganapati, Madras. 

Because seaweeds supply necessary salts, including iodine compounds, in readily 
available organic form and furnish vitamins they should have a place among common 
foods. In China, Japan and the Hawaiian Is. over a hundred kinds are thus utilized. 
Euscious and wholesome “ sea vegetables ” of South India includo green, brown and 
red algae. 

Whereas Qracilaria lichenoides (L.) Harv. is the only agarphyte commercially emplo¬ 
yed in India, investigation shows seven other species, in three genera, yielding good 
percentages of agar, are available in abundance. 

Textile sizers obtained from Orateloupia and Acanthophora are suitable for industrial 
adoption. 

Padina, Turbinariat Cystophyllum, Sargassum, Hormophysa as well as smaller 
algae thrown up in the wash have possibillities for fertilizer and stockfeed utilization. 

Taxonomy of the species as well as methods of extraction and industrial \ises of tho 
phycocoUoids dealt with are considered. 


37. On the development of nodal bacterial root tubercles in the floating 
branches of Neptunia oleracea Lour. 

T. J. Job and Feancesoa Thivy, Madras. 

The plant i s an atjjuatic perennial anchoring itself to the margins of tanks and 
tJXdduoiag densely grotog floating braUoheSi On the latter clusters df adventitious 
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roots occur which are suspended in the water and in each oleustr develop oval, pink 
tubercles about 1 mm. in diam. and 2 mm. long, singly or in groups. The soil roots 
’ exhibit only a few tubercles, which though similar to the others often growing larger 
become branched and turn dark brown in colour 

The tubercles of both types of roots are found to be densely packed with rod-shaped 
and often curved or undulate bacteria about 0 *7 in diam. and 1 *4 /£ to 7*0 long. 
The plant being a member of the Leguminosae, the organism associated with the .soil 
roots is presumably the symbiotic nitrogen-fixing bacterium, Rhizohium radicicolaM 
Since the bacterium in the tubercles of the floating branches and that of the soil roots 
are morphologically similar, it is probable they are identical. Cultures of the bacterium 
are being grown on nitrogen-free media. 

Probably Neptunia olemcea has vital significance in agricultural practice. 

38. Some aquatic macrophytes of importance as fish forage. 

Pbanoesca Thivy, Madras 

In South India the macrophytic hydrophytes in fish ponds are, as a rule, limited to 
Chara spp., Hydrilla verticillata 'Presl., Vallisneria spiralis Linn., Najas sp.,Gemtophyllum 
demersum Linn., Nymphaea puhescens Wild, and Nelumhium speciosum Wild. Great 
variety in diet is one of the striking facts about the feeding habits of fish and therefore 
increased numbers of species of forage aquatic plants should be impressed into the service 
of pisciculture. 

At “Fishlands”, Madras, the following hydrophytes which are useful as fish forage 
have been introduced into the ponds from other parts of the Province and North India : 
Nasturtium officinale B. Br., Li7nnanthemu7n cristatum Griseb., Ipomaea aquatica 
Forsk., Ottelia alismaides Pers., Ottelia sp., Pistia stratiotes Linn., Lemna paucicostata 
Hegehn., Spirodela polyrhiza (L) Schelid., Wolff a michelii Sclileid., Wolffia micros- 
copica Kurz., Najas graminea Del., and Lagerosiphon Boxburghii Benth. 

The ecology and methods of culture of the above species are discussed. 

39. Aquatic vegetable gardening in fish farms. 

FBAiiroBSCA Thivt, Madras. 

Most aquatic vegetables are neglected although in many of them are brought to¬ 
gether both aesthetic appeal and special food values, such as, high content of calcium, 
phosphorus, iron, provitamin A, vitamin C or proteins. Production is economical in 
cost, labour and time. 

Aquatic and semi-aquatic vegetables belonging to over a dozen different species 
have been grown at “ Fishlands ”, Madras, including water-cress, amaranth, morn¬ 
ing glory and garden mint. 

The taxonomy, ecology, methods of cultivation, and collated food values relating 
to the above are presented. 

40. CnltvLTe o£ Bacillus radicicola-mi}! the object of isolating a rapidly 
nitrogen fixing strain. 

R. L. Nibitla, Nagpur. 

It is hardly necessary to emphasise the importance of Bacillu radicicola which is 
so well-known. This has been the subject of a large number of investigations from 
different stand-points. The most inportant out of these is the soil inoculation or seed 
treatment with the organism and has a considerable economic value. The present work 
was started at Nagpur with the object of culturing B. radioicola on a large number of 
artifical media in the laboratory and isolating,if possible, strain or strains which would 
be “fixed” i.e, undergo no loss of virulence or vitality and possess the ability of fixing, 
larger quantity of atmospheric nitrogen. 

The pea plant was used for the investigation and eight strains have been isolated from 
a parent strain that originally came from a single cell. Two of these are “fixed ” and grow 
more actively. These might prove to be the requisite ones. The different strains 
including the parent were cultured on a large number of media. They showed several 
colony differences and differed in the liquid media with regard to the speed of their re¬ 
actions ; but in respect of the nature of these they were fundamentally similar. TOe 
‘results obtained so far appear to be very hopeful in the direction of evolving a quick 
nitrogen fixer and in the direction of solving the perplexing question of species. 
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The methods used dtiring culturing were, iu addition to the poured plute and Dr. 
Paine’s and Burri’s method as modified by the writer for the isolation of single cells, 
those employed ordinarily in mycological studies. 

The different strains had always originated as sectors in the parent colonies or those 
of the strains on solid media. 

41. Inter-speciflc and Inter generic crosses between Luff a and Trichosanthes 

R. H. Richharia, Sabour, Bihar 

Inter-specific cross between L. aegyptiaca and L, acutangula has been made 
o 

and the F, used as + to cross Trichosanthes angniua which also succeeded. It may 
be added that attempts to cross T, angniua with either of the parents Zv. aegyptiaca 
and L, acutangula did not succeed. 



SECTION OF PHYSIOLOGY 

Pebsident : Dr. Bashir Ahmad, M.Sc., Ph.D. (LonA). 

Pharmacology 

1. Pharmacology of Polyporin—A preliminary'report. 

B. B. Roy and B. Mhkbrji, Calcutta. 

Polyporin represents the culture-filtrate of Polystictus sanruin^us grown in various 
media (Bose, S. R., Bull. Bot. Soc., Bengal, April, 1947). Three different filtrates 
(P. 163—Broodlao medium; F. 164—Wheat husk medium; F. 168—^Paddy husk 
medium) have been studied. In intact anaesthetised (urethane) animals (dogs and 
cats), the filtrates produced, in moderate doses (0 *25 to 0 *5 cc./kg, intravenously), 
only a slight fall of blood pressure, returning quickly to normal. Heavier doses caused 
a slightly increased fall in pressure, which, however, was not significant (10 mm. of 
Hg. with 1 co./Kg.). In the spinal oat, the fall in blood pressure was comparatively 
greater (about 20 mm. of Hg). Of the three filtrates tested, F. 164 caused the greatest, 
and F. 168 the least amount of fall. The respiratory effects followed closely the 
blood pressure changes showing augmentation during the period of fall returning to 
normal with the restoration of the pressure to the original level. 

No untoward symptoms were observed when the different filtrates were injected 
, intravenously in unanaesthetised rabbits in doses of 1 cc./Kg. Neither was there any 
effect when the filtrates were instilled in the rabbit’s cornea. Virgin guineapig’s 
uterus was indifferent to the action of the crude filtrates in isolated bath experiments. 

The changes noted above do not appear to arise from polyporin itself since 
comparable results were obtained with the administration of the respective blank 
media alone. 

2. A Note on the Pharmacology of Securigera Securidaca. 

M. L. Chattbrjee and B. K. Ghosh, Calcutta. 

t 

bitter principle from chloroform extract of the drug was isolated by S. Ghoda 
and N. N, Ghosh and its pharmacological action was studied by P. De. Besides the bitter 
principle contained in the chloroform extract of the drug, another bitter principle 
has been found in the alcoholic extract which was isolated and the pharmacological 
action was studied in cats under chloralose and urethane anaesthesia and under spinal 
operation. 

Bose used was 0.06 mgm/kgm to 0.5 mgm/kgm. 

This bitter principle acts by direct stimulation of the plain muscle of blood vessel 
and raised the blood pressure' but is depressant to the cardiac action. Urethane 
seems to add to the toxic effect of the principle on the heart. 

Its action on uterus and intestine is by stimulation of activity. 

The seat of antion of this bitter principle is different from the other principle 
studied by Ghosh & Be. 

3. On the Assay of Liver Extracts. 

A. N. Bose, Baranagar, Calcutta. 

There is no definite laboratory method for evaluating the potency of a liver preda¬ 
tion meant for parenteral administration. An investigation has, accordingly, been 
carried out for finding out an idea regarding the efficacy of Uver preparation by deni¬ 
tration into guineapigs of definite weight put up in uniform fixed di^. ■ Aimd 
reticulocyte percentages show minimum fluctuation and vary between 0.0 to o.« /o 
were selected and injected with various prepeurations. Counti^ was 7 

successive days, and the days after injection of minimum quantity of the preparation 
that gave the optimum response were recorded. 
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In our hands the above assay of a liver preparation is giving a fair indication of the 
potency of a liver extract whether made from the whole liver, by fractionation or by 
proteolysis. 

4. Phytopharmacological Studies of Gonadotropic Hormone in the Preg¬ 

nancy Urine. 

J. S. Chowhak, Calcutta. 

A mention has been made in Ayurveda, on the determination of pregnancy in 
different stages by the use of ]|regnant woman’s urine as a manure on black horse 
gram grown in earthen pots. Some interesting study has recently been made on the 
effect of menotoxin, leprosy serum and vegetable alkaloids on the growth of young 
seedlings. A study on the effect of gonadotropic hormones present in the urine of 
pregnant women was taken up in this laboratory on the above lines. So far it is seen 
the gonadotropic hormones appear to have some effect on the rate of the growth of 
the seedlings. It cannot be stated at present if the above study will be a subs¬ 
titute to the well known Aschheim and Zondek test and the Friedmann test. The 
advantage of this test will be that the results could be obtained within 24 to 48 hours 
and no animal life will be sacrificed. 

5. Effect of common salt on gastric secretion. 

Bestdesbi Peosad Sinha, Laheriasarai, Darblianga. 

An experimental study on the Pavlov and Heidenhain pouch dogs on the effect 
of common salt (1 *5 gm) orally, demonstrated an inhibitory effect in the quantity of 
the gastric juice, thus differing from the secretagogue behaviour of sodium chloride 
(Babkin). On further observation of the associated inpurities present in the common 
salt mdependently, it was found out that the magnesium chloride and calcium chloride 
particularly were responsible for the inliibitory effect of common salt. Calcium chloride 
itself in 1 *5 gm. oral administration had a remarkable inhibitory effect in both the 
quality and quantity of the gastric juice. 


6. Effect of atropine sulphate on gastric secretion. 

Bindesbi Peosad SrsTHA, Laheriasarai, Darbhanga. 

An experimmtal study on the effect of Atropine Sulphate by parenteral route, on the 
combing observations on Pavlov & Heidenhain pounch dogs and on Heidenhain dogs 
alone, ^d a ^ked inhibitory effect in the quality and quantity of the gastric 
jmxje, m^ . ^^^4itions. In Pavlov animals alone, it was usual to have so, 

w^reas m HeidenJmm (due to non-existence of vagi), the observation was unusual. An 
interesting conclusion was rnade that in Pavlov, atropine sulphate prevented the 
^ main stomach, so there was an inhibition in 

^hty (m amdity) and quantity of the gastric juice, obtained through the pouch. 
Whereas, m Heidenham acetylcholine was not liberated due to non-existence of 
parasymj^thetic mne^ation or the usual amoimt of acetylcholine formation was 
gomg and was not actmg m the pouch due to atropine sulphate. 

7. India Aconite. 

B. C. Guha, Calcutta. 


is considered to be sufficiently important di-ug to be included in the 

of India from the Department 
of Health. But m not much data is available on the Indian Aconite, onlv characters 
content & biological assay without any standard, are given in the 

Se cS^^tete of for Indian aconite requires further data for 

wie complete evaluation of the drug. In the present investigation, a standard has 

tog the chemical analysis of the different varieties of the 

T ^ i ^ throughout the world 

and of hem generally 6 or 8 species of aconite occur on the Indian market Since 

a^^eon^i'f emphasised by many workers that the physiologically 

Mtive eo^ituents of the numerous species of aconite require senar^ and snecial 
mvestigation, six different varieties were collected from the Indian market far the 
comply chemical analysis of the drugs to the toxicity of the drus It was renorted 

^9^2) that mJre co^isS ^^uZoXS^d 
portio^^ alkaloidal content rather than the ether-soluble 
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The average total alkaloidal contont of the six different vai^ieties of Aconite was 
found to be 2*1%, the maximum concentration 3 *11% was being observed in the 
case of AcoyiHp rhasmanthum while the average acid-insoluble ash was found to be 
about 0 *52%. Therefore it was suggested that the total alkaloidal content calculated 
as aconitine should be not less than 1 *0% & acid-insoluble ash should be not more 
than 0-5%. Futher work is in progress. 

8. The effefct of 4 : 4'—Diamidino Stilbene on the Nucleus of the Fifth 

Nerve of the Rhesus Monkey. 

P. C. Sen Gupta, Calcutta. 

The lesions compatible with the clinical features of Diamidino stilbene Neuropathy 
in man have been produced in the rhesus monkey, 

9. Benadryl—in the Treatment of Viper Bites. 

J. S. Chowhan, and D. P. Ghosh, Calcutta. 

In our previous studies the injection of pituitrin and veritol has been advocated 
in the treatment of acute and chronic Viper Venom poisoning or after the secondary 
shock that follows Viper bites. The Viper Venom acts mainly on the circulatory 
system and the collapse that follows is histamine-like in nature. Benadryl (beta- 
dimethylaminoethyl benzhydryl ether hydrochloride) is reported to have a remarkable 
anti-histaminic activity. The effect of Benadryl was tried in collapse produced by 
Bussells Viper Venom in experimental animals. The blood pressure returned to 
normal and the respiratory distress Was relieved with small doses of Benadryl, injected 
intravenously in such animals. Benadryl could neutralise the effect of Viper Venom 
when injected mixed with the venom or when it was injected immediately after a big 
dose of viper venom. 

It is suggested that Benadryl in doses of 50 to 100 mg. by mouth and injected 
intramuscularly or even intravenously will be useful as an antidote in the ease of 
Viper Venom poisoning in human beings. 

10. The Therapeutic Use of Sea Water in Scabies and Other Skin Conditions. 

J. S- Chowhan, Calcutta. 

Quinton and Macallum, long ago, pointed out that in a great majority of animal 
the circulatory fluid and the body juices, from its inorganic composition, is but a repre¬ 
sentative of sea water. The present terrestrial and the avian lives are but descendents 
of forms that once lived in the sea. In view of the above observations that the sea 
water and the body juices are allied in their Na, K,Ca and Mg constituents, the paren¬ 
teral use of sea water was tried and found useful in cases of mental disturbances, canine 
mange and ring worm in animals. Deep subcutaneous injections of sterile sea water 
in doses of 2 to 3 c.c. were injected daily in patients suffering from Scabies. In 280 
cases so far treated with different doses of sea water 34 *3% showed a clinical impro¬ 
vement and 28 *5% showed marked improvement. The improvement was noted 
in the shape of relief in severe itching, drying up and scabing of the rash and later 
on peeling off of the rash. Sea water therapy promises to be useful in many other skin 
and general conditions. It has the advantage over the time old sulphur treatment 
that the treatment is not messy and the resources of the drug are enormous and easily 
available. The treatment is harmless. 

11. Toxic symptons due to rauwolfia serpentina 

Nagendranath De Calcutta. 

Rauwolfia serpentina has no of&cial dose. It has been used for a long time in the 
indegenous systems of medicines in India. Recently it is b eing largely us^ in cases of 
high blood pressure and some mental diseases* The dose used for high blood pressure 
is about 70’—100 grains of the powdered root or the correspondiDg amount of the total 
alkaloid liquid extract daily. The dose for mental diseases is about 3 times as mnch. 
Toxic symptoms ajce often observed with these therapeutic doses. 

Parkinsonism is one of these toxic ^rmptoms. Bradycardia and congestion of 
the face, conjunctiva and nasal mucous membrane are others. The action of the drug 
on tne human system is mainly one of depression. Depression of the blrain specially at 
the subcortical level is probably the cause of the beneficial action of the diug in mental 
diseases. Extreme depression of the globus pallidus is perhaps responsible for the parkin¬ 
sonian rigidity. Slowing of the heart and congestive phenemena are likely to be due to 
depression of the sympathetic nervous system. 



232 


Proc. S5th Ind, Sc, Cong. : Abstracts 


Biochemisty and Analytical Chemistry 

12. A Chemical Method of Estimation of Nicotinic Ai*id in Urine in the 
presence of Sugar. 

Sachchtdanakda Eaneejee and Naeesh Chanora Ghosh, Calcutta. 

s 

Various methods have been proposed by different workers for the estimation 
of nicotinic acid in urine by Konig’s reaction. When all these methods were tried 
in the urine of diabetic patients it was impossible to estimate the nicotinic acid of 
the urine due to the interferring colour which was produced after digestion of the 
urine due to the charring of the sugar present. Tn studying the nicotinic acid nutrition 
of diabetic patients a method for the estimation of nicotinic acid in urine in the presence 
of su^r was necessary. The method developed by us is as follows : Sugar in the 
urine is quantitatively estimated with Benedict's reagent. To 25 cc. of urine in a 
260 cc. beaker is added 8 cc. of concentrated hydrochloric acid. The beaker is heated 
in a water bath and is treated with 10 per cent potassium permanganate until all the 
sugar is o-sidised. The manganese present in the solution is removed as phosphate 
by treatment with disodium hydrogen phosphate and caustic soda. The solution 
is then digested in water bath for 46 minutes with 40 per cent caustic soda so that the 
stren^h of the alkali is 4 per cent. Interferring colour is removed by making the 
solution acidic with concentrated hydrochloric acid and treating with potassium 
pe r man g anate solution until the solution becomes almost colourless. The solution 
is adjusted to pH 7, phosphate buffer is added and the precipitate formed is filtered. 
An aliquot of the filtrate depending on the amount of nicotinic acid prescht is taken 
for the colorimetric estimation of nicotinic acid. 


13. Effect of Nicotinic Acid Amide on Blood Sugar and Blood Acetone 
Bodies of Diabetic Patients and of Normal Subjects. 

SACHCHiDAijrAiTDA Banerjee and Naeesh Chandea Ghosh, Calcutta. 

Contradictory reports appear as to the efficacy of nicotinic acid in the treatment 
of diabetes.^ in view of the conflicti^ reports and in view of the observation that 
nicotinic acid prevents the diabetogenic action of rabbits and rats as shown by Banerjee 
{Science, 1947, 106, 128) it was thought desirable to study the effect of intravenous 
injection of nicotinic acid amide on the blood sugar and blood aoetonb bodies of diabetic 
normal subjects,. 600 Mg. of nicotinic acid amide in a 10 per cent solution was 
injected intravenously in 17 diabetic and 8 normal subjects fasted overnight. Samples 
of blood were taken before and at intervals of half an hour upto two hours after the injec¬ 
tion. Blood pigar and total blood acetone bodies were determined and it was found that 
mootinic acid aimde had practically no effect on the blood sugar, and blood acetone 
bodies in diabetic and normal subjects. 


14. Anti-Diabetic Sugar. 

Prahlad Roy and Diptekdtt Ganguly, Calcutta. 

PJe resnlt of inveatigations in the Indian Inatitute for Medical Eesoarch indicates 
that or aiuoose when treated with milk of lime and phosphoric'acid is absorbed 

md utilised by an^l or human system under diabetic conditions, unlike normal 

other treatment with milk of lime and carbonic or 

In normal extern the rate of absorption of the Treated Sugar (milk of UmA and 
phoqihone acid) has been found to be more rapid than in the ease of the ordinary 
sugurs* 

Further study is being made to compare the difference between the hepatic 
giycogen reserves of the animals after administering theTreated and Normal Sugars. 

15. Iteterioration of the Vitamin Bi Content of Malt-Extract Stored in the 

Tropics. 

N. K. Iyengae and B. Mukeeji, Calcutta. 

2 standard sampks of Malt extract with vitamin Bi contents of 300 and 200 

laboratory for a period of one year 
from October 1946 to 1947 oovermg all the seasons of the year. They were tested 
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periodically by eraploying the Decalso adsorption method once in 2 months and a pro¬ 
gressive deterioration was observed. At the end of one year a loss of nearly 40 per cent 
was recorded. The malt extracts were prepared by evaporating in vacuum at a tem¬ 
perature of loss than 50 °0. A sample of malt extract prepared by evaporating at 
a temperature of 85*^0 and whose vitamin Br content was 125 I.U. per gram, was also 
tested for deterioration when stored under similnr conditions. At the end of one year 
the loss in this case was only 25 per cent. This is probably due to the destruction by 
heat in the latter case of enzymes present in malt extract, capable of inactivating 
vitamin Bi. 

16. Protective factors for Vitamin C In grcrn-giam {PJia^eolm radiafus). 

SxjDHA Devlalkae GTid K. V. Guti, Bangalore. 

The occurrence of enzyme systems and otbor factors which inSucnce the formation 
and destruction of vitamin C in green gram during germination has been investigated. 

The results indicate the occurrence of the following factors in the seed. 

1. A reducing system wliich reduces dehydro-l-ascorbic acid into ascorbic acid 
in the absence of added glutathione in the intact seed during gorminacion. In presence 
of dehydro-l-ascorbic acid therefore more vit-0 is formed during germination. 

2. An oxidative factor wliieh oxidises vitamin C. This factor develops during 
germination. 

3. A protective factor which protects vitamia C age-inst autoxidatioa and copper 
oxidation but not onzymic oxidation. In gerininifced s.eJds, a result of the action of 
the oxidative factor on vitamin 0 the protective action of the factor is not very 
pronounced. Destruction of the oxidatiive factor by boiling however enhances the 
protective action. 

Further investigation on the inter-relationship between these factors with respect 
to the formation and destruction of Vitamin C during germination of green grain and 
other pulses is in progress. 

\ 

17. Effects of light and manganese on the spithesis of ascorbic acid and 
ascorbic acid oxidase during germination of cereals. 

Inderjit and Bashir Aemad, Delhi. 

Light has been found to have a striking effect on the synthesis of both ascorbic 
acid and ascorbic acid oxidase during the germination of barley, green gram, millets 
and Bengal gram. Both these increased side by side and the increase was fiuther 
augmented by the presence of a trace of inangaiie?©. 

18. Preliminary observations and disenssious on Incehornical findings in 
human cases of liver cin'liosis with x)articular reference to choline 
content in blood. 

A. Das, S. M. B.ysrERJi and R. SEBR^viL^ADirAii, Cuttack. 

Biochemical changes in blood in clinical case.s of liver cirrhosis at the Orissa Medical 
College Hospital have been investigated and diminution of bbod proteins, reversal 
of albumin-glohidin ratio and marked dimiuuuion of iipide plvosphorus have been 
found. The significance of the last change is discussed and the estimation of Iipide 
phosphorus is suggested to determine the choline deficiency. Further investigation in 
these lines may lead us to a new liver o^ficioiicy test in cirrhosis of Ih’er. Etiogj" of 
liver cirrhosis in human cases may be due to lack of choline in diet and choline 
therapy is therefore sugggested as a rational treatment. 

19. Eiiz 3 n 2 ie Destruction and Color Retention in Dried Prunes. 

C. N. Chabi, C. P. Natakajaiit, H. J. Phaff a:ii E. M. Mrah, California- 

Dried prunes removed from the dehydrater at a moisture content of 
30 to 32 per cent and packed in moisture proof containers with propylene oxide to 
iprevent microbiologicaf deterioration will discolor and attain an off flavor. Experi¬ 
ments were conducted to determinefactons involved in the dov'ebpmoa.t of off flavor and 
discoloration. It was observed that poroxid-ise b re.spoiisiblo in part at least for the.3e 
changes. Prunes were dehydrated under various eomlitioiir^ of eountar fiow and 
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two-stage systems of drying in an effort to destroy the peroxidase enzyme. Thermo¬ 
couple measurements were made to follow the temperature of the prune flesh near 
the pit. Even though the flesh was heated to over 200° F. several hours during 
the two-stage drying, the enzyme was not completely destroyed. In view of this th e 
possibility of obtaining enzyme destruction by changing the system of dehydration 
was abandoned, and steam blanching of the freshly dried prune was tried. It was 
found that peroxidase in freshly dehydrated prunes containing 30 to 32 per cent 
moisture could be inactivated by blanching the fruit in live steam for about 
6 minutes. Thermocouple measurements indicated the temperature of the prune 
flesh was all above 200° F. in this period of time. Tests for the presence 
of catalase, phenolase and peroxidase indicated that these enzymes had been inac¬ 
tivated by the treatment. The fruit was then packed in moisture proof bags, treated 
with propylene oxide to prevent microbiological deterioration. After a period of 
storage for 3 months at 80° F. the color and flavor retention of the blanched samples 
were much superior to those of the imblanched samples. The procedure is recommen¬ 
ded as a method of production and packing of dried prunes of a superior quality. 

20. On the measurement of the Proteolytic activity of Enzymes. 

N. Roy, Baranagar, Calcutta. 

Various methods are now known for the determination of the proteolytic activity 
of the enzymes pepsin, papain and trypsin. The methods should indicate the nature 
of the enzymic activity as a protein may be degraded from protein through various 
stages to amino acids. In routine procedure however an easy method for estimating 
the lipuefying power of a proteolytic enzyme is of more significance for commercial 
evaluation. 

The method of estimating the liquefying power of pepsin, papain and trypsin against 
casein has been simplified and relative unit has been (66, 13 and 25 respectively) indica¬ 
ted for each enzyme. 

21. Effect of long continued administration of some fat metabolism 
products on the potency of pancreatic insulin of guineapigs. 

M. C. Nath and H. D. Bbahmachari, Nagpur. 

Intermediary fat metabolites such as hydroxy butyric acid & aceto-acetic acid when 
injected into normal guinea pigs in the form of their Sodium salts, have been found to 
cause decrease in the potency of their pancreatic insulin. 

Insulin was extracted from the pancreas of the experimental animals at regular 
stages and assaying was done on normal rabbits according to the usual method- 

Though during the 1st stage of the experiment a considerable rise in the potency 
of the pancreatic insulin was observed in the experimental animals, the insulin potency 
was found to be greatly decreased after a period of about 2 months’ injection, 

22. The milk-coagulating enzyme of the latex of Ficus carica Linn. 

C. R. Kbishnamurti and V. Subrahmanyan, Bangalore. 

A systematic search among plant sources for a suitable substitute for rennin 
was carried out and the latex of fficus carica Linn (Edible fig) was found to be a very 
promising source. Freezing of the latex filtrate followed by quick evaporation under 
vacuum gave best yields of enzyme of very high activity . Preparations capable of 
coagulating nearly a million times their own weight of milk under optimum conditions 
were obtained. The physico-chemical properties of the enzyme and kinetics of milk 
coagulation were studied. The enzyme was found to be more versatile than fl-nimA.i rennet. 
Of q)6cial interest was its positive coagulating effect on vegetable milks like those from 
soya-bean which failed to respond to the action of animal rennet. The plant enzyme 
gave cheeses comparable in texture and qualities to those made out of animal rennet. 

23. The Proteolytic Enzyme of the latex of Ficus Carica Linn. 

C, R. Ketshnajaurti and V. Subrahmanyan, Bangalore. 

Although the enzyme preparation from the above latex was several times more 
active than the best available brands of animal rennet, it gave cheeses which developed 
shghtly bitter taste after ripening. The bitter taste was found to be due to the products 
of proteolysis resulting from the action of a protease component in the enzyme 
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prsparation. With a view to ascertain, the nature of the protease and to devise methods 
of suppressing its pronounced action in cheese-making the enzyme was studied in 
detail. 

The enzyme gave characteristic protein reactions and was found to resemble papain 
in ultrafiltration, diffusion and dialysis studies. Unlike papain, however, it had no 
blood-clotting^ action. The enzyme was found to be tryptic in nature and was active 
on casein, edistin, egg-albumin, haemoglobin, peptones and synthetic substrates like 
Hippurylamide. The urea denatured proteins had a higher degree of digestibility than 
the aqueous solutions of proteins. The digestion of casein and haemoglobin both in 
water and urea were found to be second order reactions. Temperature inactivation 
of enzyme was also a second order reaction. The behavior of the enzyme towards 
oxidizing and reducing agents was similar to that of papain. 

Uy fractional precipitation of the enzyme with alcohol the enzyme components 
could be separated. The milk-clotting, casein-splitting and gelatinase activities increased 
with the nitrogen content of the fractional precipitates, whereas, the peptonase activity 
diminished with the nitrogen content. 


24. Effect of feeding thyroidal and antithyroidal substances in sheep. 

D. N. Mullick, Izatnagar.* 

Weekly blood was analysed for haemoglobin, sugar and serum for protein, fat, 
calcium,phosphorus and magnesium in thyroidectomizod and control animals for thirteen 
weeks. Standard methods were followed with the progress of time after operation all 
the constituents in experimental animals changed but the fat content in serum decreased 
significantly-Now the experimental group was fed with synthetic thyroprotein atlgm/100 
lb body weight for Sweeks and afterwards the dose was increased to 2g/100 lb body weight 
All the constituents were analysed and the fat content in serum was still reduced. The 
control animals were supplemented with thiouracil at 8g/lOD lb body weight for 5 weeks. 
All the constituents were analysed and the fat content was increased considerably and 
the change was significant. From these observations we concluded that the fat in serum 
could be properly utilised for the actual doses of thyroidal and antithyroidal substances 
in order to avoid the bad effect in animals health. 


25. A Preliminary Study of the Deterioration of Water Soluble Alkaloids 
of Ergot. 


B. K. Ghosh, Calcutta. 

It has been found that the Ergot preparations are liable to lose their activity along 
with their ago. As the therapeutic activity of Ergot depends mainly on the contents 
of the specific alkaloid, we thought it desirable to ascertain the factors responsible 
for its deterioration under controlled conditions. 

Wokes, Elpbick, Thomson, Mukerji and others have already studied the deterio¬ 
ration of water insoluble alkaloids of Ergot under various conditions. In order to study 
the rate of deterioration of water soluble alkaloids 0.1% Ergometriue in 1% tartaric 
acid was freshly prepared and weis kept in well stoppered bottles in cool room, in room 
temperature and in incubator. Each sample was tested for its Ergometrine content 
at the interval of a month and a half. Some fereign preparations Ergometrine 
was similarly treated and the rate of deterioration was noted. To study the rate of 
deterioration of water spluble base of Ergot in sun light, a solution of Ergometrine 
was prepared and it was exposed to sun light in three different coloured bottles. 
Each sample was subjected to frequent testing for its alkaloid content. In course of a 
month the alkaloidal content in the samples came down from 100 mgs. to 45 mgs. 
(in dark blue bottle), 100 mgs. to 24 mgs. (Amber coloured bottle), 100 mgs. to 6.5 mgs. 
^white coloured bottle). 

These observations indicate that the rate of deterioration of water soluble alka« 
loids not only depends on temperature but also on the nature of the container. 


♦This work was done in the department of Physiology, Michigan State College, East 
Lansing, Michigan, U.S.A. 
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26. Chemical lavestigatioii of the Natural Fruit-body of the Fungus— 

Polystictus Sanyuinens (L) Mey. 

N. K. Seisf and P. Pi.. B.4LTsrEUJEA, Calcutta. 

A chemical analysis and study of the anfclbactorial activity of the natural fruit-body 
of til© fungus P. Sanguliiens have boon mado. When subjoctod to extraction with 
various solvents, it gavo fractions of varyin." antibacterial action. Water and 
ether extracts of the frcsli fruit-body yioklod a product with acid charaetor 
(pH, 4.4) possessing maximum autibactorud activity against typhoid bcicillus and 
staphylococcus aureus. 

The active substance callovl “pjlyporin'Vas fiund to bo thonnostable and non" 
volatile (Nature, 1946, 158, 295). Sodium salt of the antibiotic was prepared, which 
retained its activity against typhoid bacillus for a long time. 

petroleum ether extracted a mixture of hydrocarbons and some colouring matter. 
The chloroform extract was found to contain two pigments, on© rad and another 
yellow and the presence of davone was detected in the yellow portion. 

Purther work is in progress, 

27. Estimation of Quinine in Bmail Quantities Employing its Fluorescence 

as Indicator. 

I. B. Bose and A. Bhattaghakji, Calcutta. 


Quinine sulphate solution in dilute sulphuric acid exhibits strong fliioresconco 
in ultra-violet light. When sulphuric acid in excess of that required for the formation 
of quinine sulphate (O^o H 3 , Na 03)3 Hg SO 4 is just neutralised by sodium hydroxide 
solution marked decrease in the fluorescence is observed. 

The possibility of employing this suddon and significant change in the fluorescence, 
as an indicator for the neutralisation of the sulphuric acid in the estimation of 
quinine by titration after extraction in a pure form from its pharmaceutical 
preparations, has been investigated in this paper. 

Pur© quimin© sulphate in quantities of 10 mgs. has been estimated by the above 
method after extraction with chloroform in the usual way. When titrating the excess 
of sulphuric acid against sodium hydroxide, the ultra-violet lamp was so adjusted that 
the vertical beams fell on the quinine solution in the beaker. The end point 
was reached when the first significant change in fluorescence was observed. 

Over a dozen quinine sulphate solutions in varying quantities representing from 
5 to 30 mgs. of quinine were assayed by this method and the recovery was found to be 
almost quantitative, the deviation ranging between 0.7 to 4 per cent. In order to test 
how far this method is applicable for quinine solutions containing small quantities 
of strychnine and other ingredients (as ordinarily found in pharmaceutical prepara¬ 
tions ), assay was carried out in solutions of quinine sulphate to which strychnine 
in proportion of 2 to 3 per cent, of the quinine present was added it was found that 
str^’clmiiia if present in such small amounts, the estimation of quinine is within tho 
the allowable errors, although the deviation in this case (5 to 9 por cent.) was slightly 
higher than in quinine solutions alone, which is normally to be expoebod. 


28. A Study Oil the Fluorc'soeiice of Kayara Gum, Tragacanth, Aeacia and 
their Preparations, in Ultra-Violet Light. 


I. B. Boss and J. N. Mukheejee, Calcutta. 

The floureseence of sonie gums in various forms, and of their preparations when 
exposed to ultra-violet light from Hanovia-Muir Quartz Analytical lamp with nickel 
oxide filter has been studied with a view to ascertain how far this technique can be 
applied for this evaluation and for the detection of the nature of adulteration if any. 

The three gums Karaya (Stcrculia Tragacanth, and Acaica both in solid 

and powdered forms shovred strong fluorescence. Their aqueous mucilages and other 
preparations were also fluorc'Sjent though less than the original gums. Thd fluorescence 
was found to decrease when stored for very long periods, particularly genuine old 
museum specimens. 
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Soluble guuiH wlion iu<iorpocatod in. aqueou?! preparations showed less fluorescence, 
but when acidified a eonsidorablo increase in fluorescence was observed which, however, 
was reduced when made alkaline. The insoluble portions of these at^ueous mucilages 
were strongly fluoroHcont if at all. 

In order to tost the application of this method for grading samples of gums, three 
samples of Karaya gums (StercuUa unns) found to be genuine by other tests w:ere ex¬ 
posed to ultra-violet light and all of thoiu showed bright bluish white fluorescence 
almost of erjual iuhuisity^ 'I''hroo samples of Tragacanth Powder classified as (i)fairly 
good, (ii) modiuin and (w) bad, on the basis of"other tests were ejcamined for their 
nuorescouco and worci found to have fluorosconce in descending order according to 
their C|ualit 3 \ Sonu^ pharmaceutical preparations containing karaya gum were also 
examined, which showed fluorosconoo of varying colour and intensity as they were 
composed of various iugrodionts some of thorn having their own characteristic fluores¬ 
cence. 


Nutrition 


29. Protein intake in Orii=!sa. 

K. SxJBRAHMANYAM and S. M. Baneeji, Cuttack. 

The nitrogen partition in the urine of a mmiber of Oriyas selected at random, was 
done. It was found that the total nitrogen a.nd urea nitrogen were very low and the per¬ 
centage of urea nitrogen was 65% indicating that the protein intake here is much below 
the recommended dietary allowaiiee. Further, estimation of uric acid and phosphate 
revealed that the diet is also very poor in purine compounds. 

30. The nutritive value of the fat in Ground-nut milk. 

H. S. R. Djssikaohar, S. S. Ds and V. Subrahmakyak, Bangalore. 

The milk prepared from groundnut contains about 3.6% fat finely dispersed in the 
emulsion. The nutritive value of this fat compared with the fat present in cow’s milk 
was determined by growth experiments on rats. The milks were fed as a sole source 
of fat to comparable groups of rats which received a fat-free basal ration adequate 
for growth in all respects. Vitamin A and D were also sulplied along with the basal ration. 

Since the type of carbohydrate in the basal ration influences the nutritive value 
of the fat, two tj^es of basal diets were chosen. One contained predominantly Icwtose 
as the source of carbohydrate while the other contained starch. The feeding experiment 
lasted for two months. The average increase in weight per gram of intake of fat were 
2 *45 and 2 -dig for groundnut milk and cow’s milk respectively on the lactose diet and 
2 -51g and 2 'CSg respectively on the starch diet. The results therefore show that when 
the diet is otherwise adequate groundnut fat finely dispersed in the emulsion is about 
as nutritive as cow’s milk fat. 

31. High f.f. A. of Indian Edible oils (Groundnut). 

K. Ramamtjrti and B. N. Banerjbe, Bangalore. 

The f.f,A. of Indian edible oils put on the market (unrefined) is very high. Refinep 
oils are better in that, colour, flavour, and acidity are removed. There is no limit in the 
municipal or food laws to prohibit the sale of high f.f.A. edible oil. It is well known that 
rancid oil and fats destroy vitamin in foods and retard the digestion and absorption 
of the fat or oil. It is very important that scientific data on the subject be collected, 
experiments carried out and food laws passed to ensure the sale of only ^ wholesome 
edible oils and fats. Bazar samples in Bangalore (26) of groundnut oil has acidity I to 7 %, 
average 3% to 4%. Pancreatic digestion trials showed that an acidity above 1% is 
undesirable. It is possible to prepare such oil if fresh, healthy nuts are used and damaged, 
split, broken, and mouldy kernels are carefully removed. Experiments on the destruc¬ 
tion of carotene-vitamin A with such oil in food in vitro and in vivo are in progress. 

32. Vitamin A acetate for Fortification of Edible Fat. 

TJ. P. Bastt, Baranagar, Calcutta. 

Edible fat is largely used as a medium for the introduction of vitamin A in the 
System. But as the vitamin is susceptible to oxidation, its potency on storage must be 



238 Proc. 35th Ind. Sc. Gang. : Abstracts 

ensured. Ethyl gallate is a satisfactory antioxidant in affording marked protection 
against oxidation, and vitamin A in the form of ester is again being found to be less 
susceptible to oxidation ; accordingly it was considered that if cow’s ghee, or, “vegetable 
ghee” be fortified with vitamin A acetate instead of the usual vitamin A concentrate 
which is an alcohol, the stability of the vitamin in the fortified fat would be considerably 
increased. 

This expectation has been fully realised form a study on the respective fall in vitamin 
A potency in preparations of cow’s ghee and hydrogenated oil made with both vitamin A 
concentrate and vitamin A aetate,. The incorporation of ethyl gallate (0.0/5%) further 
helps in ratarding the loss of vitamin A potency in the fortified fat. It is being concluded 
that in any fortification of edible fat use of a vitamin A ester would be helpful in 
prolonging the stability of the vitamin potency on storage. 


33. Protein Hydrolysate for Oral Use. 

S. K. Ganguly, Baranagar, Calcutta. 

The use of amino acids by mouth is therapeutically desirable as it avoids the necessity 
of protein digestion and permits absorption without difficulty in patients suffering from 
various disorders. But as the synthetic amino acids are costly, alternative lies 
in preparing a mixture of acids by partial enzymatic hydrolysis of protein bodies rich 
in essential amino acids and other food factors, vitamins and salts. 

A method has been devised by which a palatable mixture might be obtained by hy¬ 
drolysing csisein and ground-nut meal with papain and a polyenzyme (obtained from 
Aspergilhis oryzae). The preparation is quite palatable when particularly taken with 
lemon or orange juice. On dry basis it contains :— 


Protein (Nitrogen X 6 *25). 59*87 % 

Total Nitrogen . 9*57 % 

Amino Nitrogen . 3*86 % 

Ether Extractives . 0 *50 % 

Ash... 8 *46 % 

Carbohydrate... 28*47 % 


The product is rich in ti^tophane, methionine, histidine, arginine, lysine, tyrosine, 
vitamin ‘B’ complex, and minerals, viz, iron, calcium and phosphorus. 


34. Influence of Different Levels of Copper Intake on the Metabolism of 
CJarboliydrate, STitrogen, Calcium & Phosphorus. 

K. S ahai and N. D. Kbhae, Izatnagar. 

A study of the metabolism of various nutrients conducted on kumauni bullocks 
at four different levels of copper intake viz. 12 *31, 17 *76, 20 *24 & 63 *28 mg per animal 
per day was made. Ration consisti^ of wh^at bhusa and rape cake given to the animals, 
although making an adequate provision for the major nutrients, fell short with respect 
to copper- The total dry matter consumption and its digestibility coefficient remaining 
unaffeet^, the intake of dry matter per lb body weight gain decreased with increasing 
intake of copper, reaching a minimum with an intake of 7 *38 mg of copper per lOOlbs 
live weight per day and increased again with the next higher level. 

T^e digestibility coefficient of protein declined extremely slowly but nevertheless 
steadily with increasing intake of copper. 

retention of copper increased steadily with increasing ingestion of eoppsr. 
The retention of Nitrogen, Calcium and Phosphorus improved with increase in the ingested 
rising to a maximum with an intake of 7 -38 mg of copper per 100 lbs live weight 
per day and decreased again with the next higher level. 

The total excretion of copper was found to closely parallel the intake, while the 
total excretion of N , Ca & P did not appear to be affected. By far the grater proportion 
of all the nutrients was excreted in the faeces. 
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35. Studies on the Metabolism of Copper, Nitrogen, Calcium, Phosphorus 

and Magnesium in Relation to Fluorine Intoxication in Cattle. 

K. Sahai and N. D. Kehar, Izatnagar. 

Kuinauni bullocks were fed on a ration, which was adequate in all major nutrients, 
Fluorine at the rate of 3 mg per kg live weight was administered. After about a year 
when the symptoms of fluorine poisoning were clearly manifested, a metabolic trial was 
conducted. The results showed (1) a decrease in the total dry matter consumption 
(i2) an increase of 33 per cent in the minimum copper requirement of animals(3)a negative 
balance of N , Ca and copper and (4) a just barelv positive balance for Mg. 

36. Effect of Progressive maturity on the Cobalt Content of Some of the 

Indigenous Grasses and Leafy Fodders. 

S. N. Singh and N. D. Kehar, Izatnagar. 

Tlie cobalt content of 16 grasses cut at four different stages of their maturity was 
determined. Majority of the samples were found to exhibit an iminterrupted fall in 
their cobalt content with the progress of maturity ; whereas the rest an increase at the 
scond cut to be subsequently followed by a continuous decline. The cobalt content 
of the three bimonthly loppings of 18 tree leaves were superior to grasses. 

37. The Cobalt content of Some of the Common Animal Feeds* 

S. N. Singh awd N. D. Kehar, Izatnagar. 

In view of the growing importance of cobalt in the nutrition of ruminants a large 
number of straws, grasses and concentrates were examined for their cobalt content. 
The amount of cobalt in as many as 60 samples of straws has been found to range between 
0 *01 and 0 ‘111 part per million of the dry matter. Practically 33 per cent of the^ 
samples contained cobalt below 0*04 parts per million-its critical concentration, in 
pastures according to the New Zealand workers. Grasses exhibited a narrower range 
of cobalt than the straws, all the 30 samples examined, lying within 0 -028 to 0*75 parts 
per million. Twenty concentrates including cakes, grains and seeds and their by-pro¬ 
ducts exhibited a range of 0 *025 to 0 *105 parts per million of cobalt. However 85 
per cent of these concentrates indicate a range which corresponds to the proposed 
adequate range of cobalt in pastures of New Zealand and Australia. 

38. Effect of Progressive maturity on the Manganese Content of Some of the 

Indigenous Grasses and Leafy Fodders. 

P. C. Sawhnby and N. D. Kahab, Izatnagar. 

The manganese content of 17 grasses cut in August, September and October at 
four different stages of maturity was determined. In majority of the cases continuous 
decrease with the progress of maturity in the manganese content was noticed. In others 
a fall in the second and third cuts followed by a rise in the fourth cut was observed. 

The manganese content of 18 tree leaves lopped in November, January and March 
was also determined. They were classified into three groups, depending on the man¬ 
ganese content. The first group of five, exhibited maximum manganese content in the 
month of November, the second group of six in the month of January and the third 
group of seven in the month of March. 

39. The Manganese Content of Some of the Common Animal Feeds. 

P. C. Sawhney and N. D. Kehar, Izatnagar. 

In view of the great importance of manganese in animal nutrition, a large number 
of samples of grasses, straws, grains and oil cakes were examined for their man^jpane^ 
content. The amount of manganese in as many as 60 samples of straws ha s been found 
to range between 18 *37 and 86 *1 parts per million of the dry matter with the exception 
of paddys traw which showed as high as 772 parts per million o f the dry matter. Practi¬ 
cally 50 per cent of these samples contained manganese below 50 parts per million of 
the dry inatter. Grasses exhibited a range between 22 '23 and 212 *64 parts per milhon 
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of the dry matter. Nearly 33 per cent of these samples eontaiixod manganese below 
50 parts j^r million of the dry matter. Twentythroo concentrates including oil cakes 
grams and seeds and their by-products exhibited a range botwoon 27 -33 and 153 *47’ 
parts per miUion on dry matter basis. 66 per cent of those concentrates contain maniza- 
nese ^low 50 p. p.m., 5 percent show an adequate range of50-60 p. p. m. according 
to Wisconsin workers and 29 per cent are high in manganese. ” 


General Physiology 

40. The problem of the structure of the vowels and the consonants in 
human speech.* 

C. R. Sankaran, Poona. 

gives a brief resume of the earlier approaches to the problem. Tho 
o:-phoneme theory is shown.The toolvalue of the a-phonome theory indi- 
^ ^ der^^;a^^^;6 consequences is discussed. The a-phonomo theory is demonstrated 
DO De purely a mathematical concept. 

41. Climatic factors in relation to Comfort in tropics-A preliminary Report. 

G. Sankaban and M. N. Rao, Calcutta. 

to “^Comfort is based on the reaction of tho human organism 

in main tlia ®s well as psychological. Climatic conditions comprise 

^ ® elimatio factors 

Comfort in importance, ^e correlation of different climatic factors with 

oomiort m (Calcutta is reported in this paper. 

over^*Derio<^of^T^^i*^™^w-^°S°^-^^^ collected twice a week continuously 
over a period of one year. Eight climatic factors 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 


Dry jBulb Temperature 
Effective Temperature 

Red Kata Rate of cooling 
Wet ^ta Rate of cooling 
Relative Humidity 
Air Velocity 
Evaporative cooling 
-5? of cooling 


'‘ttate of coolini? 

were correlated with the 3930 Votes coUeoted on a 13 point scale of Comfort. 

the mazim^ effective temperature were tho two that gave 

42. Haematological studies at high altitude. 

0. R. Das Gupta, and G. Chandeasekhae, Calcutta. 

'!/ plaim and hU>^. 

haemoglobin?c^^ul'cute’hSmoXhfn ^®®“°globin, mean corpuscular 
ae plains. No difference emerg^L ^ “ 

between the residents in the hills and in tL corpuscular volume 

^obin, mean oor^^idL”Smo^obin Sd^^^e hills have higher values for haemo- 
than Indian females in the plains. ° concentration 

me^ corpuscular volume beWeeu the rLident?in^t.i“irTt®' difference in the 

m the males, in the red cells the Tnrlff^ e i the plain. But nnia-A 

si^cantly higher values ^ilfthe 

values than the residents in CeJeutta. ™“®^®® ®* Gangtok have significantly higher 
*An investigation carried out 
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43- Synthesis of acetylcholine in the small intestine by adrenaline. 

M. L. Chakeavarty, Calcutta. 

It has been recorded by previous workers that synthesis of acetylcholine by adrena¬ 
line takes place in some living tissues as well as in the dead. No work appears to have 
been done if this occurs in the gut. The subject has a great clinical signidcance because 
if synthesis takes place then the whole outlook of treating cases of haematemesis or 
hypermotility of the digestive tube with adrenaline has to be changed. Adrenaline 
came into the therapy for such malady because of its sympathomimetic action. Sym¬ 
pathetic being an inhibitory nerve adrenaline has been in use to inhibit the movement. 
It has been found in the course of experiments on the isolated small intestine of rabbit 
.that when adrenaline was added under certain conditions, the gut showed stimulation 
msembling the stimulation when acetylcholine was added to the bath. The dominant 
inhibitory effect of adrenaline on the gut was there, nevertheless because of the formation 
of acetylcholine the gut showed stimulation. Hence when the gut was in contact with 
adrenaline, the stimulation was not abrupt nor it was so marked but when the adrenaline 
was washed away the stimulation was not only marked but also immediate. After 
a very minute dose of adrenaline the gut showed only a stimulation. 

Production of acetylcholine after adrenaline gains support from the fact that stimu¬ 
lation was enhanced by eserine and abolished by atropine. The stimulation always 
took place in the fresh gut. Gut cooled for more than 48 hours in Tyrode’s solution 
in the ice chest and a piece of gut fully nicotinised failed to show stimulation under 
similar conditions, 


44. Urinary Proteose—Secondary Endogenous AEergen ? 

J. C. Ray, and Saohindra Nath Chaudhttei, Calcutta. 

Oriel and Barbar detected a nitrogenous matter, which they called proteose-like 
substance, in the urino of allergic eases. They claimed that this substance contains 
the allergen to which the patient is sensitive and may be effectively utilised in the treat¬ 
ment by method of hyposensitization. With antigen-antibody reactions as the basis 
of the condition Urbach classified the allergic state as follows 

(a) Exogenous allergy i.e., the allergen imported from outside the organism. It may 
beI 

(i) primary, exerting its effect as it is. 

(ii) secondary, becoming allergen only after being altered in the system. 

or (iii) Hapten or residual antigen acting with specific antibodies but not antigenic* 

(b) Endogenous allergy i.e., the allergen is elaborated in the system of the organism. 

This may be 

(i) auto-endogenous, i. e. allergens manufactured by pervert tissues, they may 
be primary (directly from diseased tissues), secondary (from allergised tissues) 
or haptens (residual antigen). 

or (ii) hetero-endogenous, source of allergens being bacterial metaholismin the system. 
Now what position, as allergen, OrioPs p-substance occupies in this system of classification 
has not been yet determined. Oriel’s opinion that it contains the endogenous allergen 
has only been empirically supported by Urbach who considers it to be a secondary endo¬ 
genous allergen, but his opinion has not been scientifically proved. The present paper 
will discuss this problem based on experimental observations (though of preliminary 
nature) in this laboratory. 


45. Physiological Studies on the Blcod of Dcmestic Animals. 

Part 3. Lactating buffaloes. 

C. V. Rao, V. N. Murty and N. D. Kehar, Tzatnagar. 

Blood samples of six buffaloes were subjected to morpological and chemical analysis 
at fortnightly intervals throughout their lactation period of about 9 months from the date 
of calving. The highest concentration of the morphological and chemical constituents, 
observed between the 4th and 6th week, has shown a gradual fall with lactation. During 
.the last month of the feetation, all the blood constituents showed a steady rise. 
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46. Reversible nature of Chp(hges in basal ganglia in Parkinsonism. 

> 

Naq-ekdeakath: De, Calcutta. 

Definite organic changes have been described in the basal ganglia as responsible for 
the syndrome know as Parkinsonism. It has been said that disease, degeneration or 
iniury of the globus pallidus leads to rigidity and that of the substantia nigra to trexnour. 
Butlt has been observed that (1) the course of Parkinsonism may bo interrupted by a 

period of absolute remission by an attack of another 
disease supervening and that 

(2) administration or otherwise intake of some drugs and 
chemicals produce the syndrome which lasts only as 
long as the drug remains in the system above a 
threshold level. 

These indicate that whatever changes are produced in the structure and function of 
the basal ganglia in these cases are reversible. 

47. Mammary-Pharyngeal reflex. 

S. N. Mathttb, Lucknow. 

At a previous session of this section of the Science Congress I gave my obser¬ 
vations regarding a gastro-skin reflex. It was shown that the body possesses a 
mechanism for conserving water for emergency purposes. This mechanism inhibits 
the perspiratory activity whenever stores of water reach a certain minimum 
even though the skin temperature may be unpleasantly high. Under such conditions, 
which prevail during summer, a reflex starts from the stomach after taking water which 
restarts sweating. 

Present observations are on a related refilex which may be termed Mammary- 
Phar 5 mgeal reflex. This is only present in lactating women. It starts from the nipple 
of the mammary gland as soon as the child starts sucking. It has been observed that 
as soon as the baby puts in the nipple in the mouth the mother feels dryness in 
her mouth and feels thirsty. This is felt even though the mother may not have 
felt thirst at all immediately before sucking. This is obviously a natme’s 
mechanism to restore back water going to be lost through milk, in advance. 


Miscellaneous 

48. Influence of Proteolytic Enzymes upon the Ionic Adsorption of Dipli- 
tberia Antibodies. 

M. M. Biswas, Calcutta. 

Conducto-metric titrations of diphtheria antitoxic serum have been carried out 
with N/1 sulphuric acid and N/1 sodium hydroxide. The antitoxin have also been 
subjected to a process of proteolytic digestion at the isoelectric point and titration 
cur\"es of the digestion mixture drawn at start and after 48 hours. Corresponding 
pH values have also been recorded. The titration curves of the antitoxins imder the 
various conditions definitely prove that pure antitoxins possess a superior adsorbablility 
of H' and other ions and the enzyme digestion process has got a marked influence on the 
nature of the antitoxins. 

49. Microbiology of Figs during Drying. 

C. P. Nataeajan, C. N. Cbaet and E. M. Mrak, California. 

In California figs are ordinarily harvested from the ground when about two-thirds 
dry. Drying is completed on trays e:^osed to the sun. During this period yeast and 
mold population commonly increase in the fig to such an extent that spoilage occurs. 
This is particularly true in cool and foggy weather. Tests were conducted to determine 
the effect of counter current dehydration on the yeast population in fi^gs. Maximum 
drying temperatures of 130 and 140 were chosen because in this range the maximum 
rate of drying is obtained without causing heat damage and subsequent discoloration 
of the fruit. Figs dehydrated at a maximum temperature of 130 showed a slight increase 
in yeast coimt during the first 3 hours then a gradual drop in the iiext 8 hours when they 
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were considered adequately dried. The temperature of the interior of the fruit as deter¬ 
mined by thermocouple measurements reached that of the dry bulb of the dehydrater 
in 3 hours. Fruit dehydrated at a maximum temperature of* 140 also showed a slight 
increase in yeast count during the first 2 hours of drying. This was followed by a gradual 
decline during the next 3 hours and a very sharp decline during the last 3 hours. The 
tim ® required for the interior of the fig to reach dry bulb temperature was about 6 hours. 
In neither case were all yeasts killed. The average count of yeasts per fig for those 
dried at 130 was 10’ at first, and 10“ when dry after 10 hours. Those dehydrated at 
140 dropped to 10“ in 8 hours when the fruit was considered dry. Counts made on 
figs di’ied in the s un showed considerable increases. In view of this dehydration is 
recommended as a means of reducing yeast count and spoilage in figs. 


50. The Cutler Test in Kala-azar. 

N. K. Chakeavarty and -P. C. Sen Gctpta, Calcutta. 

The test originally introduced for the diagnosis of Addison’s disease was applied to 
a series of 63 cases of kala-azar and 12 controls. Besides the urinary chloride in the 
last four hours of the test period, the plasma chloride before and after the salt deprivation 
was also estimated. The maximum urinary chloride concentration in the control group 
of cases was 300 mgm per cent (as NaCl), the mean and standrad deviation being 163 *04:: 
86 *2 mgm. per cent. In the kala-azar group of cases, 16 showed an excretion above 
300 mgm per cent and the mean and standard deviation of the whole group was 262 -Ti 
168 *8 mgm per cent. Thus compared with the control group, 30 *2 per cent cases of 
kala-azar gave a positive reaction. Also the percentage of positive reactions was 26 
for early cases, 30 for moderately advanced cases and 33 *3 per cent for the well developed 
cases of kala-azar. If we consider the results of the test in this series of 63 cases of 
kala-azar according to the standards laid down by Cutler, positive results were obtained 
in 17 per cent (9 cases), doubtful results in 39 *6 per cent (21 eases), and negative results 
in 43 *4 per cent (23 cases). It is probably more accurate to compare our results with 
the results obtained in our control. 

The test was repeated in three patients with the administration of of desoxy- 
corticosterone acetate (DOCA) during the test procedure. All the patients who had 
given a positive reaction with the Cutler test responded to DOGA by lowered chloride 
excretion. The chloride concentration was sufficiently reduced in two cases to indicate 
a negative reaction and in the other it still persisted as positive. 

The high proportion of positive reactions (33 '3%) in the well-developed cases of 
kala-azar indicates that there is an involvement of the suprarenal cortex frequently 
in the course of the disease. The pigmentation of kala-azar, that in advanced cases 
is somewhat similar to that seen in Addison’s disease, can thus be explained on the basis 
of adrenal hypofunction. Low blood pressure, lack of muscular tone, emaciation and 
asthenia may possibly be due to the adrenocortical insufficiency. 


61. Creatimiria Index in Lathyrism. 

M. N. Rxjdba, Darbhanga. 

Creatinuria Index has been determined in six lathyrism patients of 15 days to 
3 months duration. The values obtained varied from 1 *03 to 1 *24. 

52. A Case of ‘dropsy’ in a fresh water fish, Ophicephaliis striatns Bl. 

M. RAHiMtrLLA, Hyderabad-Deccan. 

A female fish was foimd in the month of July 1946 in the Hosainsagar reservoir, 
floating upsidedown, in a living condition. The abdomen was full of fluid ; the stomach 
and intestine were empty showing that the'fish had stopped feeding. liver was of a 

yellowish colour and in an unhealthy condition. The gonads were shrivelled and a few 
unhealthy eggs were present, although it was the breeding season. The fish was not 
healthy as shown by the ruffied condition of the scale on the abdomen and the sides. 

The author has communicated this paper to this section only beaause the^ medical 
authorities assembled there will be able to throw some light on this disease. Is it in any 
way similar to the on© found in human beings ? 
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53. Vitamin C and Sleep. 

S. N. Mathttr, Lucknow 

It has been observed that Vitamin C is a potent faocor in causing slooplossnoss by 
its absence and bringing about sleep when given in such conditions. These conclusions 
are based on observations made on human beings and have been so convincing that it 
was thought desirable to communicate. First observation was mado on a ntn’ghbour 
who had not slept for a fortnight, as he told mo. From his dietotic history it was 
concluded that there was complete lack of Vitamin C from his diet extending to over 
several months and lately there was almost complete lack of all other vitamins also. 
For over one month he was living on sugo bread and meat soup only. Ho had several 
dozen prescription in his possession exhausting practically all the sudorific and hypnotic 
drugs taken one after the other. He had reached a stage when no drug could induce 
sleep. On my advice he took two tumblerful of carrot juice, He reported next day 
that soon after taking the juice he slept like a log and had not known a sounder sleep 
in his Itfe. Similar report was given by a doctor friend of mine whom I gave about 
100 mg. of ascarbic acid. Since then observations have been extended our self, my 
family, and relatives and friends. Latest observation is on an infant 6 months old who 
when ever he misses his does of vitamin C, either as ascorbic acid or fruit juico sleeps 
badly. Sleep is speedily brought about by giving him a little extra vitamin C. 

As regard the mode of action no explanation can be offered at this stage. Two 
theories can however be suggested. One, that, as iji scorbutic condition, it prevents 
excessive diffiusions of blood which might cause sleeplessness, the second, that it is 
some way, as esserin for example, potentiates the action of parasympathetic part 
of nervous system either directly or indirectly 
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DISCUSSIONS 

PLANNING FOR NATIONAL HEALTH SURVEYS AND A CENTRAL 
INSTITUTE FOR THE ASSESSAIENT OF NATIONAL HEALTH 

(Sections ot* Statistics, Medical and Veterinary Sciences and Physiology) 

Sri S. N. Roy^ President, Statistics Section, presided. 

Dr. K, C. K. £. Raja, New Delhi, opened the discussion. 

The need for a continuous study of national health problems will be universally 
accepted. It is, at the same time, necessary to consider the conditions required for such 
continuous study and the nature and extent of the contribution which, the proposed 
Institute of National Health will be able to make in this connection. Information 
regarding the socio-economic conditions of the population group under investigation is 
essential for the study of health problems and such information can be collected by 

staff trained for this work in the field. On the other hand the collection of informa¬ 

tion relating to specific problems will require the employment of persons with expert 
technical knowledge. For instance, a tuberculosis survey will require the application of 
skin tests such as Mantoux lest on the group under study as well as mass radiography 
and examination by doctors with special experience of the disease. Somewhat similar 
conditions will have to be fulfilled when investigations into other forms of disease 
are undertaken. It is not possible to have on the establishment of the Institute of 

National Health the many types of expert staff required for the study of tlie wide 

variety of health and sickness conditions which it may be called upon to undertake. In 
my view the data required for a continuous study of individual and community health 
problems must flow as a by-product of sound health administration. The establishment 
of such administration envisages the creation and employment of the necessary expert 
staff in every field of health and, without adciiuate numbers of such experts, investigations 
on a reasonably wide scale can hardly be undertaken. Take for instance, tuberculosis. 
It is estimated that the total number of doctors who can be considered experts in this 
subject is about 70 or 80 in any case below 100, and these are all so ^tively 'engaged 
in the management of* tuberculosis institutions and in the treatment outside such institu¬ 
tions, of tlie innumerable patients demanding their care that, with rare exceptions, tl^y 
have had little time to devote to the study 'A the epidemiological and other community 
aspects of tlie tuberculosis problem. It is not intended to undervalue the importance 
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or need for such study but the facts are there and lliey must be taken into account in 
attempting to achieve a correct estimate of the situation. So long as the need for 
immediate medical relief for tuberculosis patients is far greater than existing provision 
for it the relatively few experts in this field are bound to seek the more lucrative 
avenue of ministration to individual patients than the path, of attempting to unravel 
the causative factors associated witli tuberculosis as a community problem. 

Another instance may also be referred to. Reasonably correct vital statistics arc 
essential for the study of most health problems. Apart from the ciucstion of prevetuing 
the large percentage of omissions in the registration of such statistics which now occurs 
and which is relatively easy to tackle, the problem of ensuring a reasonable measure 
of accuracy for the recorded causes of death can liardly be solved wilhoul medical 
certifications,«which can develop on a satisfactory basis when the country's, health 
services expand considerably. 

Reference may be made to another matter also. The piirpose of all investigations 
into health problems is'to facilitate the enforcement of the steps retjiiired to remedy 
the defects discovered and to promote the provision of the necessary measures for 
treatment and prevention. ■ Taking tuberculosis again as an instance, such investigations 
as have already been carried out point to the prevalence of the disease on a scale which 
justifies its being labelled as Public Enemy No. II in the list of diseases which sap the 
vitality of the nation and general experience shows that, in all areas, the number of 
persons requiring urgent medical attention on account of this disease is many times more 
than existing provision for their reception and care. A detailed investigation in indivi¬ 
dual places will no doubt bring out more clearly the nature and extent of tuberculosis 
infection in those areas but, without a simultaneous advance in the provision of remedial, 
and preventive measures, the situation from ihe point of view of the comniunily is hardly 
improved. From this standpoint also the establishment of a national health service 
should be considered as more important than mere investigation into existing health 
conditions. I have already pointed out that, without an adequate number of doctors 
with special training in the subject, the undertaking of large scale investigations can 
hardly be attempted. 


Lastly it-should be emphasised that the functioning of national hcalih service on 
sound lines will itself promote study into the health problems of *the country because 
no process in the control of disease or promotion of positive health is possible without 
epidemiological and other studies intended to provide the basic knowledge on which 
all administrative measures will have to be founded. 


I must repeat that it is not intended to minimise the importance of the study of 
national health problems. The purpose in view is only to point out the limitations 
under which the proposed Institute of National Healtli will have to function and to 
emphasise that the continuous study of such problems can be undertaken successfully’ 
only with an adequately developed national health service. It is at the same time 
recognised that such an institute, if established, can even under existing conditions promote 
mv^tigations in many directions. It can also serve the dual purpose of helping in iHe 
deigning of sample surveys and of coordinating studies in the field of health in different 
parts of the country. The Institute will derive advantage by working in collaboration 
with other agencies mmed with the promotion of medical research, for instance, 
the Indian Research Fund Association, 


Dr. R. B. Lal, Calcutta. 

nlanned^*ttr^ can fruitful, only when it has been carefully plannccr. Besides a well 

depend uoon the ° methods and organisation. The details, in either case, will 

miiTt be clearlv available. These 

must De clearly defined and understood before planning is undertaken. 
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Objects may vary according to circumstances. However, it may be stated at the 
outset, that apart from its scientific value and development o£ technique, an elaborate 
survey carried out at public expense, will be justifiable only when it is intended to 
shape public policy. If this intention is fulfilled, a well planned survey will not only 
repay the expenditure incurred upon it many times ever, through saving in time and 
money, but it will lay down a solid foundation for ordered progress of the community. 

National surveys may be conducted at various levels. They may constitute inte¬ 
grated experience of surveys of small communities, such as villages or factories and of 
intermediate administrative units of varied sizes or they may be carried out at the 
national level only. Their objectives and scope will vary accordingly and so also the 
means required to carry them out. In the former case local conditions at varous levels 
will be known and the differences between corresponding units as well as the reasons 
for these differences will be brought out while in the latter case the individual pattern 
of various sized units will not be available. This point should be settled before 
planning is commenced. 

Another factor which will have to be taken into consideration and which will 
greatly influence the scope and means for carrying out the surveys is the nature and 
the amount of available knowledge, the form in which it is available and the case with 
which it can be utilized in relation to the objects of the survey as also the degree of 
confidence which can be placed in the data. Communities vary a great deal in this 
respect and planning will also differ accordingly. 

The present discussion is limited to health surveys. Our experience with health 
surveys has led us to the conclusion that factors which presumably affect health, directly 
or indirectly, embrace such a wide field that practically the surveys become all aspect 
community surveys. There are hardly any boundaries which may partition off health 
surveys from surveys in the economic, social, physical, biological and other fields. A 
health survey must necessarily encroach upon these field just as surveys conducted in, 
these other spheres will be incomplete without reviewing the health conditions of the 
community. Since surveys, as I have said, lay the foundations for ordered progress, 
they are equally important and necessary for all fields of human activities. Under the 
circumstances, would it not be logical to think and plan in terms of integrated surveys 
rather than separate surveys in various field. That the integrated surveys would be 
economical in time, money and personnel, can be easily seen but this is by no means 
the most important reason in support of them. Jt is essential to carry out integrated 
surveys, if the interactions of various factors constituting the society, in its particular 
environmental set up both geographical and historical—^have to be worked out and the 
most appropriate means to intelligently interfere in the course of events for the benefit 
of man, have to be discovered. Besides, integrated surveys will be essentially sound 
because they would be the fruits of combined labour to experts in differents fields. This 
is not all. There is the greatest need for diese experts to unlearn the narrow-view-point, 
which their exclusive technical education and watertight departmental work and practice 
have taught them, if community welfare is to be the centre of interest and if the confu¬ 
sion between means and end is to be avoided. Through integrated surveys and through 
logical interpretation of data carried oiit jointly they will learn how best to make 
contribution of their special knowledge for the achievement of a single objective— 
welfare of the community. I should, therefore, plead for the establishment of a General 
Central Institute for Assessment of Comnnmity Welfare. Such an institution will 
constitute the nerve centre from which welfare scheme will emanate according to local 
priorities, at which various activities of good Government will be co-ordinated and 
correlated at different administrative levels and at which the rate of progress will be 
measured. The Institute will determine the nature and size of samples of populations 
to be surveyed, will work out survey plans for well defined objectives, will train personnel 
and supervise and assistant field staff, will provide the necessary facilities for work, will 
analyse and interpret data and prepare general and special reports for scientific and 
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governmental purposes and produce literature for educating the people in regard to their 
condition and in regard to the lines along xvliich improvement can take place. 

As regards General Health surveys one may refer to two of the surveys, that have 
been recently carried out in this country—one at the national level by Bhor Committee 
and the other, a local one, by us in a small area of 33 square miles constituting Singur 
Health Centre, in West Bengal. 

Broadly speaking the first object of both the surveys, is the same, namely, to draw 
a picture of the state of public health of the respective units under consideration. While 
in the former survey reference has occasionally been made to the factors concerned in 
bringing about the present state of health, In the latter survey, this aim has been constantly 
kept in view and elucidation or evaluation of the factors has been inferred from obser¬ 
vations so far as the data would permit. An endeavour has been made to crystallize 
problems on the basis of quantitative data. The main difference in the two causes, 
however, is in regard to scope and methods.’ In the national survey carried out by the 
Bhore Committee, the authors have largely depended for their data on available reports 
and routine statistics and on personal impressions and opinions of themselves and of the 
witnesses examined by them, while the Singur survey is an objective assessment of 
quantitative data, regarding community structure in a wider sphere, collected on a planned 
basis. According to this method a national survey would be carried out by integrating 
the results of a series of appropriate surveys in selected localities throughout the 
country for different levels of administrative units. The statistical considerations and 
the actual methods adopted in planning the Singur survey will be found in the Preli¬ 
minary Report to which a reference may I'C made. In conclusion certain recommenda¬ 
tions have been made. These include suggested actions and isolated problems requiring 
further investigation. 

Time and means involved in such a survey if carried out on national scale may 
perhaps be considered prohibitive by some. Actually in addition to the facilities provided 
by the Institute, the cost of field work in connection with the Singur survey came to 
about -|4|- per head of population spread over a period of 7 months. It is difficult to 
estimate how much amount will have to be added to make it an integrated survey 
comprising all fields. In any case, it will be :i Jiuge amount. Besides, personnel will have 
to be trained. These difficulties are real but it must be remembered that Singur Survey 
is the first of its kind and if a Centre for planning of national surveys is established, 
ways and means could be found to induce ihe expenditure to manageable proportions. 
We believe that valuable integrated objective surveys on which policy may be based can 
be carried out within a reasonable time m representative areas of different provinces 
which may be selected on the statistical information at present available. It is also 
believed that a scientific approach to the refashioning of the Government’s machinery will 
lead to tlie fullest utilisation of our traditional human material resources and 
consequently to a rapid development of the country which will make it prosperous in 
peace and strong in war. Below is given a skeleton proposal for a Tilot Experiment' in 
such survey work. 

Ptopo^al for a 'Pilot Experiment in the Reorganisation of National Welfare. 

I. Object : ^ 

Progressive advancement of health, wealth, culture and happiness of the whole 
people according to their genius. 

//. Principles : 

(i) The object can be realised more quickly, with greater certainty and on a more 
permanent basis by the application of the “Scientific method” not only to the solution 
of technical problems which may arise from time to time but also to the social, economic 
and service organisation, then by Lacser-faire of the method of hit and miss. 
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(2) Welfare is indivisible. There should be complete integration of all state func¬ 
tions both for purposes of investigation and planning and for service (organised 
community endeavour). Co-ordination is not enough, it may not be always possible. (For 
a diagramatic representations of the evolution of plan, see Science & Culture Vol. XI. 
P.p. 489500, 1945-46). 

(3) A normal community like a normal man has a natural urge for better health, 
greater wealth, more culture and a greater measure of happiness. It should therefore, 
be given the fullest opportunities for .self-expression, once it has attained an organised 
entity through discipline, co-operation and education on the basis of objective study. This 
is the plea for enlightened democracy- If the urge for self-improvement is not manifest 
or it is weak oa^ perverse, the causes should be investigated and appropriate remedy should 
be applied. Thus a dormant urge may be stimulated into activity through the provision 
of facilities, which are beyond the capacity of the community unit under consideration, 
so as to remove its sense of frustration or through the discovery and encouragement of 
right leadership. A subdued or submerged urge may be revitalized by dissemination 
of specific knowledge or by removing or shifting the yoke of tradition in a suitable 
manner. Healthy competition may act as a tonic in other instances. A morbid urge 
will need appropriate treatment. The point is that treatment to be successful must follow 
and not precede diagnosis. Reforms maj" be successfully forced down according to a 
preconceived plans up to a degree but they can not be progressive, at any rate contrary 
to the popular notion, this method will, in the long run, prove expensive and uneconomical 
because it wastes much, official energy and leaves still more energy (of the common man) 
untapped. 

(4) A man or an animal furnishes an example of a perfect organisation. It consists 
of individual cells, tissues and organs which are aggregated in such a way that each 
similar unit functions independently in its own limited sphere but at the same time it 
bears an organic relationship with the next higher unit. At each stage of organisation 
the higher unit acquires identity of its own and develop certain properties and functions 
which are peculiar to itself and are in addition to these contributed by the individual 
constitutent units. However, the expanding units w'ork in uniform. The moment there 
is disharmony in their mutual relationship, the organisation suffers illness or disorder 
or malignant growth appears. A nation may ideally conform to such an organisation 
in respect of individual citizen, villages or factories, tehsils sub-divisions, districts and 
provinces. It must necessarily be a centripetal evolution decentralisation of functions 
and full recognition of rights and mutual responsibilities of the lower and the higher units 
in other words maximum autonomy consistent with efficiency should be retained by the 
lower units, at each level. Functionally such an organisation will work both centripetally 
and centrifiigally, the circle must necessarily be completed to act as an organisation. 
Analogy ends therefore unlike the involuntary development of an animal, the national 
organisation has to be worked out by conscious effort. Anatomical and functional units 
have to be created on rational basis and their mutual relationships have to be determined. 
For this, detailed knowledge of man, society and environment has to be acquired. 

III. Scheme : 

The principles enunciated above give a lead or a direction along which national 
organisation should proceed. Accordingly a working scheme is presented. 

I. The Units of Description: ‘Family' is the smallest unit in which group 
phenomenon manifests itself and because of its natural, cultural and economic 
unity, it resembles the organisational characteristics of individual physiology more closely 
than any other units. Hence ‘family’ must be taken as the primary nnit, for most 
purposes, in community organisation though certain individual diaracteristics cannot be 
ignored. The village is undoubtedly the next higher unit. How the villages may be 
grouped together into circles is a matter for consideration. The basis of grouping 
may vary according to local circumstances but naturally the factor or factors concerned 
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must intimately in ‘circle community eiBforf would largely weigh in each case and these 
can only be determined after village surveys have been made. The same applies lo the 
fonnation of still higher units, but it is obvious that the present political boundaries 
may have to be modified. 

2. Integrated survey of man, society and environment of each unit should be carried 
out This may be based as samples, which should be scientifically worked out. Th 6 
survey should present a comprehensive factual and so far as possible quantitative and 
should have description of the various units from all aspects. It should discuss the 
operation of principle factors and their interaction. It should also crystalise and cleanly, 
state the main problems (including these recpiiring further investigation) and list them, 
according to priorities. It should strike, so to say, a balance sheet of assets and 
liabilities of the unit in all spheres. The “General Health Survey of Singur Health 
Centre” may be taken as a model for purposes of technique and organisation, but as 
regards contents, considerable changes will be required and they will vary according to 
the unit under consideration. In conducting the village surveys active participation of 
the more advanced villagers should be encouraged as is being done at Domjure. 

3. Education of the People: The main results of the survey and the list of 
priorities should be embodied in attractive, illustrated pamphlets written in simple 
popular language so as to appeal to the people for whom they are meant. They should 
be presented from the view point of the i^easant, worker, artisan, trader, etc. and not 
from the official or technical view point. The people should be thoroughly educated 
by means of poster and talks illustrated with lantern slides and cinema shows, if possible. 
They should be encouraged to discuss the village plans amongst themselves and with 
Gdvt. Officers who may be specially employ.ed for the purpose. 

4. People*s Council should be created at various unit levels. Suitable devices 
should be employed to ensure that the councils are as representative and as 
enlightened as possible. The priorities should be finally selected by them. On the basis 
of the priorities so selected, short and long plans programmes should be drawn up for 
different unit level. These should be reviewed centrifugally and so modified that the 
plans and programmes for the lower units should fit into the general plan and programme 
of the unit next above. 

S. Organisqfion: 

(a) Village Co-operation: The village work should be organised through a multi¬ 
purposes co-operative society of which the poly-technical agents (see below) 
should act as Secretaries. The ultimate object of the village co-operative 
is to enlist evety^ family as a member and to organise agriculture, recreation, 
defence, industry, trade, health and welfare activities through it. When 
this objective has sufficiently advanced, the society may contribute towards 
the part-payment of the salaries of the polytechnical agents and ultimately 
become responsible for payment of their full salaries. The societies should 
be given all encouragement in the form of technical services, advice, 
supervision, supply of essential materials at control rate, grants in aid for 
specific purposes etc. It is assumed that the co-operative socity, the village 
council ipanchayate) will have sufficient common membership to ensure co¬ 
operation. 

ib) The Staff: 

(0 P^illage Unit Polytechnical agents—-a man and a woman should be appointed 
in each village (or part of village, if it too large or group of villages if 
they too small—roughly one pair for 2 to 3 populations). They should 
be recruited from amongst the intelligent section of the rural population 
who have shown initiative, enthusiasm during the survey. They should 
undergo a short course of training concerning all departments. Their duties 
and responsibilities should be clearly stated (see philosophy of Public 



TJTscit^'i^^TPtanning for l^ational health Surveys 7 

Health) and they should maintain proper records whicli should be regularly 
submitted to vhe Primary Poly-technical Board. 

(//) Circle or Tehsil Unit: Poly-teclinical Boards will be instituted according to 
the need of the unit. They will consist of representatives of different 
departments including general administration, police, etc. Suitable institu¬ 
tion, dispensaries will be established according to the needs (priority) of 
the community on such scale as finances permit. They will progressively 
expand according to the needs and financial improvement. 

(Hi) Such poly-technical Boards will be developed at District and Provincial 
levels and will be supported by corresponding Institutions according to 
priorities. They will serve, support and supervise the work of the corres¬ 
ponding Poly-technical Boards attached to the smaller constituent units 
and solve the more difficult problems as they arise from time to time. 

The Universities on the other hand will carry out academic researches (pure 
Science) and will also help to solve problems arising in the field which require* deeper 
and a more fundamental investigations or have a long-term significance. 

It should be composed of representatives of specialities most needed for implementing 
plans and programmes as stated in para. 4 above. The members of the Board will have 
joint responsibilities for service to the unit and its constitulcnt villages. They will assist 
the council in solution of all local problems. In case they present difficulties which are 
beyond their capacity, they will be referred to similar Poly-technical Board attached to 
the next higher unit. Boards membership will include general administration and police. 
It will elect its owii President and Secretary without reference to any particular speciality. 

IV. The Proposal: 

The scheme suggested above is revolutionary, not so much in ideas as in its adminis¬ 
trative set up. To-day the administration proceeds from the top and it works downwards 
through a machinery of official services whose tradition is to carry out orders, follow 
the procedure, satisfy the superiors and boss over the people. The organisation now 
suggested goes the otherway round. It begins with a systematic integrated observation 
of things and events. The would-be beneficiaries are shown how they stand, it is they 
who choose what they want and take the responsibility for it. The paid technical services 
are there to meet their nceds-routine and special—^to man the ^ institutions for the 
required purpose and to co-ordinate activities of the constituent units with those of the 
ones next above. They owe their loyalty primarily to the community they serve and to 
whom offer their technical skill to the best of their abilities. This applies to ah unit 
levels The non-technical or administrative services carry out the duties of the town 
clerk’*. In the peripheral unit-the village, the two types of services are combined into 
one agency—the polytechnical agents, a man and woman. 

Is this set up practicable? Will it work? Will it achieve, the objects more quickly, 
more economically and more progressively? The only way to answer the questions is to 
try and see it work as a pilot scheme. I have purposely avoided the word experiment 
because a proper social experiment will have to satisfy certain fundamental requirements 
such for instance as the provision of a control. This will be^ expensive and very 
difficult to carry out. • Therefore what is proposed here is an investigation or exploration 
rather than an experiment but for short we may call it a Pilot Experiment. 

The 'Pilot Experiment'. 

This will be conducted in three stages, namely:— 

Stage L—The Preparatory Investigations: 

An experienced officer, conversant with scientific surveys, will be deputed for six 
months to study the essential relevant information which is already available in various 




departments of the Provincial Govt, (and elsewhere) and their plans for future 
development. Incidentally he will be on the look out for suitable personnel, available 
in the province and outside, for the scientific survey and for subsequent work. He 
will see the institutions and meet the officers who may be Iielp later. He will particularly 
note the places where various grades of staff may receive proper training. 

After completing this study he will draw up a detailed scheme of the survey and 
select the area where the 'experiment* will be carried out. 

The area selected should represent, as far as possible, the average conditions in 
the province in regard to the essential circumstances. The most suitable size would be 
a District where service and institutions of different types could be developed on a fair 
scale, on sound economic basis. Such an unit would furnish a reasonably large sphere 
of varied activities. However, there are disadvantages in taking such a large area 
initially. It may prove unweildy when the development or evolution of plans and 
methods will require considerable personal attention of the ‘experimenters’. Lack of 
trained staff will also be a limiting factor and the period of ‘experiment’ will have to be 
rather long. For these practical reasons a smaller area such as a Tehsil will be more 
suitable. 

Stage //.—The Survey: 

A Board of Officers representing the progressive elements of all the departments 
(a tentative list of specialities to be represented is attached) will be constituted. These 
officers will be seconded to the ‘experiment’ as whole time workers. The Board will 
review the scheme of the survey in detail and make suitable modifications. It will 
appoint and train the staff. It will elect its own president and secretary and will draw 
up its rules of procedure. 

The members of die Board will be jointly responsible for carrying out the survey 
and will write a joint report, ‘but intensive studies on special problems based on the dat» 
collected in the course of the survey or on problems arising from the, may be undertaken 
by individual members or groups of members with the approval of the Board. Every 
effort will be made to train as much of the staff for the third stage of the 'experiment 
as iMDssible and also to make contact with tlic i>eople who arc likely to take leading part 
in the evolution of the scheme later on. With proper management the survey should 
be completed in one year and nine months under proper circumstances—one year for 
the field work, six months for analysis and three months for writing up the report. 

Stage UL—The Evolution of Services, Institutions and Peoples Councils and the 
zvorking of the new set up 

During the stage of following processes will be carried out (a) Educating of the 
people and the determination of priorities by them at different unit levels, (b) Develop¬ 
ment of procedures and their frequent review to affect modifications as and when 
necessary. The greatest possible emphasis will be faid on elacticity and adaptability in 
procedures. It may take one year for the procedures of the ‘Experiment’ to become 
sufficient stabilised for routine working to proceed, (c) Once this has occurred, it 
shall be allowed to go on for two years, (e) At the end of that period fresh survey 
shall be conducted and a comparison still be made to note the results of the ‘experiment’, 
in making this comj)arison due regard shall be paid to the changes brought about in 
community outlook and its organisational capacity which are the essential ingredients 
for the progressive development of the society. 
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Dr. N. S. R. Sastry^ Bombay. 

The success of any survey depends upon the proper design, clear enunciation of all 
factors that have to be Investigated, preparing proper schedules and the training of 
investigators. He further explained which type of sampling might be useful for 
conducting such health surveys. 

Dr. P. G. Chowdhury, Calcutta. 

Dr. Chowdhury. referred to the organisation of statistical work in Public Health 
Offices of different provinces in India. He then explained certain techniques such as 
construction of variation chart for the current mortality analysis etc. which would be 
useful for analysing the data obtained from health surveys. 

Mr. K. C. Basak, Calcutta. 

Mr. Basak stressed the point that integrated surveys would be more useful than 
separate surveys. 

Dr. K. Mitra, New Delhi. 

At the outset I must express my gratitude to the Chairman for kindly permitting 
me, a member of the audience, to make a few comments on this subject of very great 
national importance. In describing the poor state of health of the population in India, 
Mr, Basak had used the term C3. I wish that reasonably precise methods for dis¬ 
criminating C3 from C, grade of health in population groups were known to us. It 
wpuld be no exaggeration to say that in the present state of our knowledge it is an 
extremely difficult problem for field workers to grade the state of health even in broad 
groups of A, B and C with any reasonable degree of precision. As long as a man (or 
a woman) is not ill he is beyond the purview of the regional units of medical and 
health departments. Vast multitude of people existing on the borderland of health are 
presumed to be Veil’, and probably as well as he is ever likely to be. The reason for 
this mental attitude is not far to seek. Methods for assessing the grades of health, 
either in the ascending or descending order have yet to be evolved. 

Dr. Lai in his remarks has referred to his elaborate health survey report of Singur. 
I must confess that I did not have the opportunity to go through this learned document, 
but I had an opportunity to glance through a few pages when it was being passed 
round a few moments ago. The schedule of enquiry as also the tabular statements in 
the report show, that those individuals who were not clinically ill during the period 
of survey have been designated as “well” and classified under two broad groups depend¬ 
ing on whether they were ‘sick’ or ‘not sick* during the year. I do hope that the research 
programme of the healthy survey unit as envisaged by Dr. Xal would include research 
activities on the assessment of health (Synonymous with nutrition). It is time that 
indexes for assessment of health as a position attribute of individuals surveyed, be 
evolved and standradized for making comparable studies. 

Mr, Gopal Shastri has spoken on the merits, or should I say, on the demerits of 
detailed investigations. Dr. Lai would, I hope, deal with this point in his reply. 

I can not however help commenting that reasonably detailed investi¬ 
gations are necessary in view of the fact that we are so short of information. Every¬ 
body knows how efforts may be wasted in carrying out questionnaire method of surveys 
and how the inferences drawn from the collection, reduction and tabulation of data 
may be misleading, 

Mr. Shastri seemed to doubt the statement made in a report (unnamed by him) 
that a group of industrial w^orkers in India had consumed 3,Soo calories daily during the 
period of survey. In my modest experience of diet survey amongst groups of industrial 
workers, quite a number of persons were found to consume 3,500 calories daily. I am 
not referring to isolated instances. The method of survey followed by me was the 
weighment of each item of raw foods before ihey vrere cooked for a period of a week 
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or ten days in all the families visited. The calorine values were later calculated with 
the help o£ accepted tables. 

I would conclude by referring to the rather Ticklish subject of “random sampling 
of population or family groups” mentioned by some of the previous speakers. 1 have 
heard of the criticisim levelled against dietary survey workers that could not sample 
fairly comparable number of families in different income groups. I do not pretend to 
be a statistician but in sampling of families in any village, town, or taluqa one cannot 
avoid discovering at the end of the investigations that he has inspite of his best 
intentions, included a very large number of families which can probably be counted in 
hundreds, in the lowest income group but by lens only, in the upper income groups. Such 
state of affairs can be remedied to a great extent if and when income of individual 
families could be ascertained without creating a feeling of distrust and the family 
units willing to co-operate in such enquries. 

Dr. M. L. Chakrabarty, Calcutta. 

It has to be realised that in promoting health the food must be complete. Our food 
is mostly incomplete and unbalanced. Attempts must be made in all possible ways for 
making the food complete and physiologically balanced. Facts can not be denied although 
so many explanations are there, that there is a general decay in the standard of national 
health in India and I hold deficiency in food to be primarily responsible. This deficiency 
can not perhaps simply be made up from bottles as is the fashion and futile attempts 
are now going on in this direction through the supply of vitamin tablets. I suggest that 
not only a thorough analysis of common food material with regard to its Food 
value, Protein, fat, carbohydrate, salt—Ca, Na, K, Iron, Iodine etc, vitamin contents, 
disegtibtity co-efficient and protein potency etc. should be taken up, but I also 
suggest at the same time an analysis of the soil on which their growth depends. It 
is already an established fact that the quality of the milk depends on the food the 
mother is on, whether in human female or m cattle. There is every reason to believe 
that the quality of food also depends on the quality of the soil. I think it is 
necessary simultaneously to direct a portion of the energy devoted for National Health 
Planning to the investigation of the food stuff along with the soil and to watch the 
infhtence of its contents in the growth of the food material. Every endeavour must 
be made to enrich the soil condition upon which depends the healthy growth of food, 
which again is perhaps the most important factor in building and fortifying the health 
of the community. 

Dr. B. C. Guha and others participated in the discussion and they all fell that 
“Planning of National Health Surveys” was a great necessity. 


SYMPOSIUM ON “PHYSIOLOGICAL BASIS OF HEALTH AND 

LONGIVITY” 

(Sections of Physiology and Medical & Veterinary Sciences) 

Prof. N. M. Basu, Calcutta, presided. 

K. Mitra^ New Delhi, opened the discussion. 

Until this morning I had no knowledge that I shall be asked to open the discussion 
on this subject, consequently I was not prepared for it. But I very readily accepted the 
invitation from the chair for reasons more than one. I shall, however, confine my remarsk. 
to the assessment of the state of health in its positive aspect in human subjects. The 
terms *state of health*, ‘state of nutrition* or ‘state of physical fitness* apparently sound • 
synonymous and even laymen are presumed to know what such terms ordinarily impfy, 
but ptiradoxicaliy enough the medical profession find it extremely difficult to measure 
such states with any reasonable degree of precision or define the physiological basis 
of each of them or the whole group. 
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•Nutrition workers in India found that the appraisal of health by any fairly rapid 
device, a formidable problem during the aftermath 'of the severe Bengal famine of 
1943 and also during the post war food shortage conditions. They were often asked by 
the administrators to indicate which administration unit (thana, taluqa, district or even 
province) needed bigger supply of essential foods or bigger size of ration purely from 
the point of view oi the state of nutrition (or health) of its population. The answer in 
any case was not as simple as it looked to the administrators responsible for the procure¬ 
ment and distribution of food. The concept of health as a measurable quantum is still 
nebulous. No clear cut index or yardstick to measure the state of well being (synonymous 
with nutrition) has so far evolved from past experiences. The data pertaining to the 
clinical, sohiatomertic and biochemical findings collected in the prisons of war camps 
during the second World War and published during the recent years are far from 
complete owing to the inherent limitations in such investigations. In consideration of the 
fact that a very large percentage of population in India exist on the borderland of health, 
it is extremely important that efforts should be made by physiologists and public health 
experts to evolve or suggest at an early date, some practicable and comparable indexes 
for the assessment of health. 

I would briefly state the various indexes that have been and are still in uSe as 
basis for assessment of the state of health. These indexes can be grouped under the 
broad headings of biochemical, haematological, clinical and somatometric. 

Of the biochemical tests, measurement of the urinary excretion of any particular 
nutrient or nutrients has been very widely used, for appraisal of nutritional state in 
groups of population. But the urinary excretion level can be estimated on a limited 
number of individuals and does not often reveal a complete picture of the state of 
health or nutrition. The other seemingly accurate biochemical index is the estimation 
of any of the nutrients (protein or vitamins) in blood. About eight months ago I had 
an opportunity to study the various biochemical estimations carried out by the Nutrition 
Survey Groups of the Allied Control Commission in different parts of Germany. 
Estimation of plasma protein by relative density gradient method using a mixture of 
light paraffin and bromobenzene seemed to be practicable in large scale investigations. 
But the point at issue is whether this test as a measure of health or nutrition is useful 
in detecting small but appreciable deviation from the state of good health. If plasma 
protein measures 5 , 751 100 ml. in nine cases out of ten individuals are likely to be in such 
a poor state of nutrition that his condition could easily be diagnosed by the naked eye, 
instead of having to take recourse to biochemical methods. Estimation of vitamins A 
and B or B complex concentration in the blood does not help in arriving at a reasonably 
accurate estimate of the state of health except in a few cases when extreme degree of 
malnutrition or serious deficiency of any of the vitamins are present. 

Of the various haematological indexes consisting of haemoglobin concentration, total 
and differential cellular counts, mean corpuscular volume, haematocrit, colour index 
etc. the first named one is of partial help in low state of health. Appreciable deviations 
of other indexes is often associated with definite clinical conditions. Though low 
haemoglobin level is an indication of poor state of health within certain limitations, the 
converse is not always true. Moreover results of haemoglobinometry carried out without 
standardized methods, loses much of its value. 

Clinically we know very little about health in it§ positive aspect. The medical 
profession knows more about the pathological conditions brought about by disease and 
much less about the physiological basis of optimum health. Clinically many of-us have* 
labelled subjects as ^‘good” *‘fair” or “poor’" on the basis of general appearance, colour 
and texture of skin, lustre of the eyes, presence or absence of subcutaneous fat etc. 
Presence or absence of physical signs associated with so called vitamin deficiencies 
phrynoderma, xerophthalmia, angular stomatitis etc. are of no help in diagnosing 
lowered state of health or nutrition. In my own small experience I have noticed in the 
course of large scale nutrition survey in Bengal apd Bihar during food shortage of 
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1943-44, that poor state of nutrition may be associated with a diminished incidence of the 
physical signs of specific vitamin deficiencies. Experience elsewhere has also corroborated 

such findings, r 1 . 

The only index to fall back upon seems to be a comparative study oE the height 
and weight figures. Though the method is not very scientific in its concept still in the 
absence of a better one, it can be used profitably for large scale investigation. A study 
of the average weight curve of the adults plotted every month has given satisfactory 
clue as to the state of nutrition (of large scale population groups) in the occupied 
countries of Germany and Austria. As a matter of fact results of body weight surveys 
on a very large scale, in both these countries have proved as a valuable guide in deter¬ 
mining the size of ration.for the different age, sex and occupational groups of the 
population. 

Dr. B. Mukerji, Calcutta. 

Due to his preoccupations as General Secretary of the Indian Science Congress 
Association, Dr. Muker^i could not take part personally in this symposium. 
He forwarded his remarks as follows: 

In any discussion on the physiological basis of health, the notion ‘health' naturally 
assumes the central position, but this, in itself, is obscure. Health lias been defined by 
some groups as ‘freedom from disease', but this certainly docs not explain the notion as 
most of us understand it. Simply ‘freedom from disease’ is not the true 
conception of ‘health' but there should always be a positive component in it. 
Health is, therefore, not a neutral stale and not simply a negation of disease 
but is something positive over this neutral state. It depends on preconceptions based 
on rough experience and secondarily on an estimate of evidences amenable to measure¬ 
ment. Height, weight, acquity of vision, the blood pressure, the pulse rate, the basal 
metabolic rate, the cardiac output, etc. represent such measumcments. Measurements of 
value have not obviously been developed to estimate all the essential functions, which 
taken together constitute the physiology of a person. Of the tissues, organs and systems 
of the animal body, not one falls as yet in a category, of which it can be said that the 
measurem^its available taken together describe that structure adequately. How then 
is it possible to define 'health'? 

Meanwhile, it is important to develop the notion ‘normal'. Of normal, it must be 
possible to say, normal in respect to what? Normal is nc;L a measurement nor a 
conception. It results from experience on the part of a critical observer. Based on a 
large number of such observations, we have certain definite figures, from which we 
ordinarily draw averages and this average figure is usually considered as 'normal'. 
However, there are many fallacies in this and it should be possible to state that the 
normal is with respect to a particular condition, such as age, weight, height, etc. and 
not to indicate a comprehensive physiological stale of the human body, which is not a 
static condition but of constant vibration and adjustment. 

A very laborious study is needed in India to indicate the normal levels of health 
studies through the various criteria mentioned and then only it will be possible to 
indicate what is the true physiological basis of health. Without that data, no scientific 
estimation could be possible. 

There are many factors that bear upon an individual’s prospects for a long life. 
One that will probably remain outside human control is the heritage of longevity be¬ 
queathed by the family, for studies that have been conducted on the subject indicate that 
this characteristic is a hereditary trait. However, gains in average longevity since the 
beginning of the centuiy have been greater than the differences observed between the 
best and poorest classifications by parental longevity. The average individual can, 
therefore, more than overcome biological discrimination by personal and collective 
action toward the intelligent control of environment, although he cannot altogether 
avoid the consequences of qualities that are with hijn. 
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It is now fairly well established that a direct relation exists between social-economic 
status and mortality. The prospects for a long life are best in the most favoured 
classes and poorest in the unskilled labouring classes. The average length -of life has 
also been found to vary with geographic locality, occupational hazards, marital status, 
mental ailments, etc. Evidence of value is accumulating that through the practice of 
better personal hygiene and by means of a well ordered existence, the average man 
may add many years to his expectation of life. The possibilities along these lines 
have never been fully explored. There are many instances of greatly improved physical 
condition and of enhanced longevity through the practice of personal hygiene, and the 
adoption of a ‘balanced diet’ suitable to the individual according to his body build and 
occupation. 

By some inexorable law, still to be discovered and clarified, nature has allotted to 
man a life span of about one hundred years. But very few lives complete this span. 
The great majority are constantly exposed to adverse influences in their environment 
that threaten either to destroy their existence or to accelarate the degenerative processes. 
However, even in the so called ‘healthy’ individuals, there is evident a physical degenera¬ 
tion of his cardio-vascular system, including blood and lymph, his digestive system, his 
skeleton, his locomotor system and teeth, his skin, his glands of internal secretion, 
including thyroid, para-thyroid and pituitary, his reproductive system, his nervous 
system, his eye, ears, and his personality, which cannot ordinarily be accounted for by 
the onset of disease. Pathological conditions of course are definitely known to exacer¬ 
bate these changes and we have plenty of evidences of young people getting ‘old* at 
ages, where others are in the enjoyment of buoyant health. How these could be 
explained still remains a ‘closed book* to modern physiologists. Unless the centre of 
attention of physiology', as a science, is focussed more and more to cellular and 
cytological changes instead of changes in the large organs and tissues of the body as 
now, real explanations on many of these obscure phenomena will not be available. 

Col. S. K S. Greval. Calcutta. 

Col. Greval referred to the standards of Insurance Companies as good guides to the 
assessment of good health, e.g. 

(0 Height—^weight ratio (exception Gurkha troops) («) Chest expansion, {Hi) 
Chest-abdomen ratio, {iv) Blood pressure and if necessary, {v) Haemoglobin 
and {vi) Endurance (effect of effort on pulse rate etc.). 

Col. Greval wondered why these standards have not been applied in various 
enquiries ? 

Dr. C. R. Das Gupta, Calcutta. 

Dr. Das Gupta agreed with Dr. Mitra’s finding regarding haematological findings 
being not of much help in the solution of the problem. He supported Col. Greval’s 
suggestion of adopting Insurance Company data for assessing. He said that Hb value 
was not very low in cases of malnutrition, especially in cases of -hypoproteinaeraia, 
when he albumin-gobulin ratio was altered. Regarding effect of diet on health as 
assumed by haematological standards—Hb, R. B. C., etc.—probably protein, specially 
animal protein, is not essential in maintaining haematological standards. 

In answer to a question by Prof. N. M. Basu, Dr. Das Gupta said that Blood- 
volume had not been examined in cases of hypoproteinaemia. 

Dr. G. D. Bhalerao, Izatnagar. 

On being asked by the President on the index of assessment of Health in animals he 
said that it was very difficult to do this. Recently the question of assessmg the draught 
ability of bullocks was discussed in one of the meetings of the Indian Council of Agri- 
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cultural Research, but there was no concensus of opinion. At present the only critera that 
appears to be the basis of judging the liealth of animals is the absence of disease. 

Prof. B. Narayana, Patna. 

Said that intensive research work on the Physiological standards was necessary for 
assessing health. The data obtained would give some idea of the normals for health. 
The lieaith of an individual may be judged by his capacity for efficient work. 

Dr. a. K. Bose, Calcutta,- 

It is not always safe to accept standards of normals adopted by the different 
Insurance Companies as the normal basis of health. As far as the cardiac efficiency test 
is concerned, he stressed that the response of the heart would differ according to the 
past performance of the Individual and as such is likely to give’ anomalous figures. 
Normal cardiovascular condition of any population could be found out only by a 
comprehensive investigation including X’ray examination, E.C.G., blood-pressure studies 
in different conditions, blood-chemistry, family history etc., etc., ,as has been 

taken up by the cardiologipai Society of Bengal. 

Prof. G. Panja, Calcutta, 

Besides the Insurance standards, a very important factor namely heredity should 
be considered as a basis for health and longivity. Inspite of ill-feeding, bad environments 
& minor diseases, some persons continue to live. Besides there are long-lived families. 

Dietetic history is another important standard. Vitamins should be a major consi¬ 
deration in this category. Presence of Ketone bodies in the blood should also be taken 
into consideration and this may be a good guide. 

Prof. N. P. Benawari„ Darbhanga. 

Health snd longivity are not synonymous and need not always go together.. Longivity 
without health would be meaningless, so one would always wish the two to go together. 

Health is primary, since it enables the living organism to attain the state of 
development at which it can fulfill the primary and essential function of life— Le., 
propagation of species. 

All animals and living organisms live best in their normal environment and they have 
the capacity to react to changes in their environment in such way that they can survive 
' inspite of that environmental change. They are also capable of altering their activity 
quite a lot to suit the occasion. For these, however, there are certain limits—^which one 
calls as Physiological limits. Whenever such limits are exceeded markedly they prove 
detrimental to health. Similarly exercise within certain* limits would cause increase in 
the efficiency of the body, but extremely strenuous exercise on the other hand would 
prove deleterious to health. Then again, the body needs nourishment for tissue repair 
and growth, hence nutrition is very important with regard to maintenance of health.’ The 
nourishment must be adequate quantitatively and qualitatively. Thus maintenance of 
health would need moderation in life so that physiological limits of adaptation of the 
body are not exceeded very often. It would need adequate nourishment—qualitatively and 
quantitatively. This forms the physiological basis of health. Health usually would lead 
to longivity. We are concerned more with the question of longivity since we want' 
to enjoy the pleasures of life for as much time as possible, though health is the more 
important requirement of the body. 

Dr. D. V. Karmarkar, New Delhi. 

We are all interested to know the methods of expanding the space of life. If 
physiological activity is taken as the basis of longivity, it is expected that any method 
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which reduces the physiological activity should extend the period of life. Pranayam, 
fasting and Brahmacharya are some of the methods advocated, though definite informa¬ 
tion of their utility is not available. Detailed investigations are required in these fields. 

Prof. S. K. Basu, Assam. 

Anatomical clinics in the U.S.A. are studying the problem of health from various 
angles. The Anatomical clinics of the Brush Foundation Sc Bolton fund of Western 
Reserve University, Cleveland, Ohio, study the prospective parents of the child before 
it is born and of the child as soon as it is bom and at the end of the 3rd, 6th, gth, 12th i8th 
& 24th months after its birth and then once a year near about its birth anniversary 
day. The anatomical part of the study is somafometric and radiological. Besides, biochemi¬ 
cal, electrocardiographic, electroencephaiographic & psychological studies and fitness tests 
are done and curves of growth analysed against dietetic, climatic, hereditary, economic & 
environment background of thousands of apparently healthy subjects. The huge data 
are statistically treated. Optimum curves «^nd data satisfying all conditions are regarded 
as normals. Norms for healthy skin, subcutaneous tissues, blood vessels, being height 
& weight, muscular power & intelligence are thus found out. Determination of date of 
ossification also marks milestones in the progress in physical health as compared to 
actual age. The age of the individual, again has been classified into 3 types—chronologi¬ 
cal, anatomical & psychological. Children & adolescents conforming equally to all 
these ages are supposed to be growing normally and therefore in the possession of good 
health. A lag in anatomical or psychological age is properly investigated and steps 
taken to remedy it without delay. These studies are also known as “Race-betterment” 
studies, since they tend to encourage fitness and eliminate unfitness of the growing indivi¬ 
dual in the struggle for existence. The Iowa Child Welfare studies the Chicago,’ 
Harvard & Yale University Growth Study Centres and the Society for Research in 
Child Development (National Research Council, Washington D.C., U.S.A.) are working 
out optimum standards of health in similar manner. We, in our humble way are trying 
to follow in their, steps. Such studies for finding out the basis of physiological health 
in adults of our country should be undertaken. 

Prof. G. K. Ghosh, Patna. 

Anatomically, constitution of individuals can be grouped into 3 types—Hypersthenic, 
Asthenic and Hyposthenic, These types, as the physiologists claim, depend on various 
glandular factors. Is it possible from this classification to say whether one type will live 
longer than the others? The problem of life is still unknown, depending on so many 
biochemical and biophysical factors—^mere details of which are still unknown. Untill we 
know more about this, the definite assessment of, longivity will also be unknown. 
Ossification studies give a clue to the malnutrition of an individual—but no assessment 
of his life. Diet and heredity arc certainly very important factors in the maintenance 
•of good health. But where ultimately do they lead to in the assessment of longivity 
of an individual? Many variations are met with daily and one should be cautious in 
making broad generalisations. 

Major N, B. Godre, Bombay. 

Health is the powet to heal. 

If one fails to heal completely on a given day, his longivity is less the next day—bad 
health. Vice versa^if one gains niore than he loses, longivity increases— Buoyctht 
health. 

Health means tic Rate of change of longivity ie., in mathematical language Longivity 
must necessarily be an accompaniment Of health. 

Dr. M. L. Chatterjee, Calcutta. 

The standards followed by Insurance Companies in India are based on the figures 
for standards of health in Europe. ‘Norms* for basis of health have to be found 
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for India and then correlated with figures for longivity. When the Cardiological Society 
have found out data, as mentioned* by Dr. A. K. Bose, and those of height, weight €tc. 
on 10,000 subjects, only these may help to establish standards. Standards for Insurance 
Companies in India today are not reliable, particularly as the reports submitted to 
companies are, oftener than not changed for various names. 

Norms have also to be found out to determine the amount of exercise that will not be 
deterimental to an individual for good health and longivity. Environment is certainly a 
factor in moulding health and longivity. Both external (hygiene, habits) and internal 
(tissue fluids, drugs and toxic accumulations) factors are to be considered in “environ¬ 
ments’". Biochemical estimation of tissue fluids may serve as an index for the internal 
factors. Dr. G, K. Ghosh referred to constitution being asthenic, hypersthenic, etc. Is 
there any standard for measuring constitution? People of thin constitution are 
known to have good longivity and good health, if by latter one would mean freedom from 
disease and possession of a good mood. 

Dr. Kamala Bhagwat Sohonie, Bombay. 

A number of surveys carried out in different periods gives us some idea of the 
health of their people. If all such data be put together, a lot of useful information 
may be had to arrive at All-India Standards of health. 

Prof. Venkatachalam, Cuttack. 

Given every other condition adequate for a healthy life, physical exercise and 
discy)lined life necessary to contribute towards well-being more than anything else. This 
naturally means striking a balance between body processes and mind. Worry and anxiety 
can reduce longivity in an otherwise healthy body. 

Col. S. D. S. Greval, Calcutta. 

Made some additional remarks regarding. 

(u) Food Standards —^are well known as per 

(f) the Gazeteer of India (District by District) 

(«) Army rations 
(m) Prison diet 

(h) Expection of Life—hzd been worked out by the Oriental Life 
Insurance Co, Ltd. 

(c) Height-weight Ratio —It is a ratio and indicate reduction in bulk very well 
(Army allows concession to the Gurkha troops), and stated in giving opinion on 
health states of a community, those considerations are of primary importance. 

Prof. N, M. Basu, Calcutta. 

The question of health and longivity has been agitating the mainds of humans since 
the dawn of consciousness. Many books have been written on this subject from 
various aspects of the question. More modern books on this subject are those of 
Metchnikoff & Wever and the experiment performed about rejuvenation are those of 
Steinach & Vomoff, Metchnikoff’s stress on sour milk as being a very effective agent 
in promoting healthy flora in intestine and Wever’s suggestions about daily routine of 
walking and periodical long walking accompanied by a diet consisting mainly of dairy 
products, leafy vegetables and fruits-after fifty years of age as conducive to health and 
longivity have been always kept in the forefront regarding this question. Steinach’s 
opperation is not considered to oe an advantage in the promotion of health and longivity, 
and Voronoff’s grafting experiments have not met with as much success as was emphasized. 
According to Heilbrunn, senescence is probably due to body cells becoming loaded with 
insoluble w’uste products which prevent free interchange between the protoplasm and the 
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environment. There are probably also changes in permeability of cell-membrane and its 
protoplasmic viscosity. Controlled experiments should be devised to find out how far 
these theories are correct and what measures should be adopted to present these changes 
in the body. .. 

Prof. N. M. Basu referred to two papers by some Russians. In one the authors 
described the method of grafting the gum with teeth from a young dog into an aid dog 
in which the teeth had worn away. In the other paper the author described the 

effects of such grafting on the health of the old dog, the dog becoming more active 

and more healthy after the experiment. Experiments of this nature have a great bearing 
on the prolongation of buoyant health in man. 

Referring to Major N. B. Gadre Prof. Basu said tliat the Engineer tried to evolve 
a formula correlating health and longivity; but in evolving a formula of this type certain 
assumptions are to be made and the formula is good only so long as the assumptions are 
valid. In the case of health and longivity, we have not yet found the criteria which will 

enable us to evolve a formula. Naturally, therefore, any attempt in this direction will 

not be fruitful in present state of our knowledge. 

K. Mitra (New Delhi) 

CoL Greval has suggested the use of height and weight ratio and referred to the 
norms for health collected by one of the Insurance Companies (Oriental?) few years 
ago in India. Apart from' a comparative study of the actual height and weight 
figures, I am afraid the ht|wt ratio has so far not been found to be a reliable index. 
He has also referred to the dynamometer and endurance test. Theoretically, dynamometer 
readings and endurance tests do seem to measure fairly accurately the state of physical 
fitness in subjects under investigation. But unfortunately there are so many snags on 
account of variables over which we have no control, that its use in routine survey 
and interpretation of results become difficult. 

Dr. Das Gupta has referred to the accuracy of Van S'lyke’s copper sulphate method 
for estimating the specific gravity of blood. AH that I had implied was that the 
tcchmque of relative density gradient with light paraffin and bromobenzene was much 
simpler and no less reliable. 

For the information of Dr. Bhalerao who had referred to tlie nutrition level in 
animals' I would like to state that at the Rowell Research Institute, Aberdeen an 
ambitious scheme has been launched to study ihe effects of higher plane and low plane 
nutrition in animals on all asi>ects of their physiology including immunology. 

Prof. Narayana has made a valuable suggestion about working out the norms for 
various physiological indexes. Probably he might remember that about 5 years ago 
at Delhi, at a symposium ''on the position of physiology as an independent science” 
under the chairmanship of Prof. A. V. Hill, I had urged for close collaboration 
between the departments of Physiology and Public Health. Prof. Narayana is at the 
helm of the local medical college and I sincerely hope that he will do his best to create 
a chair of Public Health (or Social medicine as it is termed in some of the universities 
in the U.K.) in his own institution and thus forge the first link in this c'ollaborated 
interdepartmental investigation on physiology of health. 

Dr. A. K. Basu has referred to the cardiac efficiency test, as a measure of the 
state of health, and the survey he is carrying out with 10,000 children. I would like 
to refer him to this connection, to the work of Dr. Ancel Keys, Professor of Physio¬ 
logical Hygiene at Minnesota on tlie subject of experimental starvation and rehabilita¬ 
tion of about 30 healthy adult yoimg men who * volunteered to act as ‘human guinea 
pigs’ on a long term investigation. Cardiac efficiency has also been studied by a M.R.C. 
unit working in Germany and the catheterisation of the heart hz& been * done in .a 
group of cases to study the total blood volume. It is expected that these reports when 
finally printed by the Medical Research Council, would help to remove some of the 
lacunae in ouf knowledge of health and nutrition. 
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It inay interest Prof- Banwari to know tliat one of the rqmtcd nutrition workers 
in U.S.A. had suggested some years ago that the aim of nutrition work is to create 
conditions by whicli the characteristics of youth are preserved for the lon^^^cst possible 
terms in the life of any one individual. 

Prof- S. K. Basu has referred to a very interesting method of approach to the 
problan. The norms for chronological and skeletal ages in adolescents and children 
have yet to be established in this country. We are fortunate in having him in our 
midst with the necessary technical knowledge to study the problem, and I would strongly 
urge that he may pursue this line of research on the X-ray photograph of adolescents. 
Certainly funds are needed for undertaking such investigation and wc can hope that the 
various official and non-official bodies doling out money for research would give Prof. 
Basu*s application the consideration it deserves. 

Our learned chairman Prof. N. M. Basu has suggested the use of ACH Index for 
determination of the state of nutrition. About lo years ago I did play about with the 
special gadgets for taking the arm chest and hip measurements of cliildrcn. As 
far as I can remember T had covered about 10,000 children above the age of 2 years and 
upto ffie age of 12 years, using the standards prescribed by the American Child Health 
Association. After final compilation of the data it was found that the technique ‘selected’ 
as malnourished a very large percentage of children who were not in a poor state of 
nutrition according to the naked eye clinical examination, and missed an ecjually big 
percentage of children who were classed as ‘poor’. 

Finally I would like to inform Dr. Bhagwat tliat at the lust meeting of 
the Nutrition Advisory Committee held last month at New Delhi, a sub¬ 
committee has been set up to study the problems coimeclcd with adoption of uniform 
methods in the evaluation of nutritional status in this country. 


ROLE OF ELECTRONICS IN MODERN ENGINEERING PRACTICE 
(ScETioN OF Engineering and Physics) 

S. V. Chandrashekhar Aiya, Poona. 

c discovered the electron. This constituted a landmark in the 

field of pur'e science. This discovery led to the development of Electronics which has 
become an essential science in almost all the branches of engineering. In its broadest 
electronics mcludes all electrical phenomena, because electric conduction involves 
dertrons. This is a very wide definition and has to be narrowed down. According 
to the American standard defimtion of electrical terms, electronics is defined as that 
branch of science and twhnology which relates to the conduction of electricity through 
^ and in vacuo. The discussion of the subject lyill be limited to this narrower 

photo-electricity constitute the starling point of electronics. A 
metal tareet^^wh * Cathode emits electrons when heated. Similarly, certain 

M the TOtentiM If ‘=t>rrent depends 

flow if ^ T "O electron 

rectifyLg nronert^ of ^ negative potential. This explains the 

inserted beLe^hp applications. If a' mesh of wire is 

the olate curr^nf ^ plate, a small potential given ta this grid varies 

explains the amnrf^^ an. extent as a much larger potential given to the plate. This 
explains the ^plifymg property of the triode valve. If tliere are no such urids the 

are f^t^s oT’t' applied to each of them. Hence, if these voltages 

tSTi™ 1 ^ “a thdr ,™ and diS.rence frammdea 

ra. . Wn as ftt mmm of aalvo. ,f , j, a, 




Discussions : Role of Electronics in Modern Engineering Practice ig 

small amount of gas there is no plate current till the effective electrode voltages equals 
a certain critical value dependent on the ionisation potential of the gas, when the 
current shoots up to a maximum. This is the property of the thyratron. Electrons 
emitted from a source can be focussed into the form of a beam by subjecting them to 
suitable electrostatic fields. Such a beam is made visible by allowing it to fall on a 
fluorescent screen. If the beam is subjected to an electric field in its path, it will be 
deflected, the magnitude of the deflection being proportional to the applied field. The 
beam can thus be deflected in two perpendicular directions if necessary. This is what 
is done in a cathode ray oscilloscope. By applying a saw-tooth wave type of voltage 
to a pair of horizontal plates in the oscillograph, the spot on the screen can be made to 
sweep across the screen in a time depending on the period of this voltage. By applying 
an unknown voltage to a pair of vertical plates, the wave form of the latter can be 
studied. A saw-tooth wave type of voltage can be generated by using valves. An 
unknown voltage can, if necessary, be amplified by valves and applied to the vertical 
plates. 

It is these few facts that‘have led to the diverse applications of electronics in 
many fields. Any physical change can, by suitable means be converted into an electrical 
one. Thus a change of length can be converted into a change of electrical resistance or 
capacity. Oscillations of small amplitude can be converted into varying e.m.f.'s. Changes 
of resistance or capacity staled above can be made to produce corresponding voltage 
changes. All such voltages, however small, can be amplified by a bank of valve ampli- 
fiiers and recorded or delineated on an oscillograph which has the electron beam acting 
as an inertialess relay. Any voltage which is a function of time can, if necessary, be 
converted into a direct current and observed as such by use of a d.c^^ meter by making 
.use of the rectifying property of the valve. There are, besides, other methods. Change 
of resistance, capacity, etc., can be’ made to change the frequency of an oscillatory 
circuit and the change of this frequency can be observed by mixing it with a constant 
frequency generated by another oscillator and observing the beat note. 

The applications of the above principles will be illustrated by considering a few 
typical cases in actual practice and explaining the superiority of the electronic method 
over other existing methods. 

4r 

Testing of Materials 

Constructional material include not only metals such as steel but also stone, brick, 
tiles, asbestos, cement and mortar. The traditional method of measuring the Young's 
modulus employs the extensometer. This is not speedy and requires great care. Further 
the shape of the specimen required for this test is one which is diflicuU to obtain with 
building materials. An electronic method of carrying out this test has been developed 
by Grime. A seven to fourteen inch rod is prepared and mounted horizontally at the 
centre by means of a wooden grip. To one end is attached a i|32" iron armatpre-which 
comes in front of a U type magnet with a coil wound on it. The latter is connected 
to the plates of an oscillograph. The rod is struck with a hammer at the other end 
and the frequency of the a.c. induced is measured by studying the wave form on the 
oscillograph. From this, Young's modulus can be calculated. The accuracy is 
within 2%. 

Before using timber, it is very necessary to know its moisture content and it is 
cumbersome to estimate it by the usual methods. In the last few years, electronic 
instruments have been developed on a commercial scale for the purpose. In one method, 
timber is inserted into a condenser and its capacity • depends on the moisture content of 
the. timber. Change of capacity changes the frequency of an oscillator and this is’ 
determined by mixing this oscillation with a constant frequency oscillation and observing 
the heterodyne note. In another method, the resistance between two points in the 
timber is measured electronically. Measurements of moisture content is accurate to 
about 2 % up to about 20% moisture content. -- . .. 
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Bars, rods, etc., are used in structural work. If any of them have developed a 
crack of magnitude exceeding a specified value, they are unsuitable. The detection of 
such cracks by manual labour is tedious. At present this is done on a commercial scale 
by electronic methods. There are two high frequency oscillators. The rod is passed 
through the coils of the oscillators. When there is a crack, the resistance changes due 
to skin effect and this changes the frequency of an oscillator. The beat note is ampli¬ 
fied and measured by a valve voltmeter. 'Hie meter can be calibrated and it is possible 
to detect cracks from ijicoo to i|4 of an inch. 

Re-1nforced Concrete Construction 

The behaviour of reinforced concrete piles during driving is a matter of consider¬ 
able interest to the civil engineer. The nature of the stresses created in the head of a 
concrete pile by the impact of ‘the falling monkey' has been recorded by the use of a 
pieio-electric crystal. The crystal was housed in a metal tube, its end faces being 
located on metal pistons with which the caps stopping the ends of the lube were in 
contact. Thus the pressures in the concrete were directly applied to the ends of the 
crystal. The output of the crystal was amplified by valves and fed to an oscillograph. 
By placing three crystals at the ends and middle respectively, impulse pressures at three 
points can be simultaneously obtained. It was found that the maximum compression at 
the foot was about twice that at the head. Following the rebound, tensions are produced 
at the foot and the middle of the pile. The experimental results agreed with the 
calculations. ‘ ' 

Structural Encineering 

The close design of bridges, buildings, ships and aircraft has in the past been greatly 
restricted by the inability to determine the extact proportion of the total stress that 
is taken by the various members under practical conditions. To secure the necessary 
mar^n of safety, a large factor of safety had to be allowed. This is popularly known 
as the engineer's factor of ignorance. The necessity of designing aeroplanes with as low 
a margin of safety as possible led to the development of the electrical strain guage, A 
resisl^ce wire is cemented to the member under investigation and forms one arm of a 
bridge, a similar one constituting the other. When the member is strained, the wire 
becomes longer and its cross-section decreases. This disturbs the bridge balance and the 
small voltage so obtained is amplified and fed to a meter or oscillograph. An extension 
of, this principle is the twelve channel recorded developed during the last War. It is 
difficult to design a ship’s hull because it is largely inaccessible. jPor the purpose of 
design, it is very necessary to obtain records of the forces acting at various ship's speeds 
and-imder different sea and weather conditions. This was achieved by designing a twelve 
channel electrical strain guage. 

The same principle cart be employed to record the very low frequency vibrations 
of a member under stress although it has not as yet been done. 

Mechanical Engineering 

One of the most interesting applications of electronics is in the development of the 
electronic engine indicator. To measure the power input to the cylinder and to check 
the setting of valves, a graph is required connecting the cylinder pressure at any instant 
with the position of the piston or crank. The standard mechanical indicator consists of 
a small vertical cylinder which is designed to screw into an orifice in the wall of the 
en^ne cylinder and is fitted with a light piston and piston rod. A straight line motion 
is interposed between the rod and a stylus which records the movements of the indicator 
piston, suitably magnified, on a chart clipped to a small drum. The drum rotates in 
synchronism with the engine piston. This type of instrument is expensive and accuracy 
can only be obtained if the friction and inertia of the moving parts is kept down to a 
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minimum. This was all right for the simple reciprocating steam engine but did not suit 
the internal combustion engineers for which a diaphragm of the aneroid barometer type 
with mirror magnification was ■ adopted. Even this does .not suit high speed auto and 
aero engines. The electronic engine indicator is useful here and for other purposes. 
The cylinder pressures are converted into voltage fluctuations by fitting a piezo-electric 
crystal in place of the small piston and cylinder into the orifice in the engine cylinder 
wall. The output is amplified and passed on to an oscillograph. The horizontal travel 
of the oscillograph beam is governed by a photo-cell actuated by a light beam which 
is intercepted by a cylinder cam mounted on the engine shaft. For speeds above looo 
r.p.m,, the electronic engine indicator is the most suitable and, at present is the only method 
available. 

Induction Heating 

The basic principle of induction heating is simple. When an a.c. is passed through 
a coil, a piece of metal placed inside the coil is heated by the currents set up by induction. 
But the important point is the fact that the depth of penetration depends on frequency. 
At 2000 els, heat penetrates to ijS’* while at 200 Kcsls, the depth of penetration may 
be only i|5o’\ Hence by proper choice of frequency, the depth of penetration can be 
controlled. Consequently, induction heating is the only method available for localised 
heating or zonal hardening of metal surfaces. The power requirements are not heavy 
either. About 2 Kw of power output is adequate to heat each square inch of surface. 
The a.c. power is generated by valve oscillators and power amplifiers. 

Closely allied to induction heating is dielectric heating which is adopted for non¬ 
conductors. The material to be heated is placed between two metal plates ^ connected 
to a source of high frequency supply. Heat is produced throughout the area of charge 
and at a very rapid rate. The frequencies employed vary from 5 to 50 Mcs|s and 
power requirements vary from 1I2 to 200 Kw. To illustrate the superiority of this 
method, an example may be given. In the plywood industry, laminated sections require 
an elevated temperature to dry the adhesive bond. This takes 10 to 12 hours or more 
in a drying room. With dielectric heating, the time taken is just the time required 
to apply the holding clamps in the other method. Dielectric heating is also employed 
in modern dehydration of food. 

Electrical Engineering 

Electronics has its widest aiiplications in the field of electrical and electrical com¬ 
munication engineering but since it is not ;he purpose here to dwell on this aspect of 
the subject, only a brief reference can be made. The recent developments in high 
voltage rectifiers have opened up afre.sh the possibilities of d,c. transmission. For 
spot, seam and pulsation welds, electronic control is indispensable. Electronic control 
is widely employed in motor speed control, a.c. relay and power circuits, servo-gadgets, 
etc. Latterly, electronic methods of testing arc rapidly displacing the older methods. 
Electronic meters are invaluable for no-load tests on machines. The cathode ray oscillo¬ 
graph is being widely employed for steel sorting, surge and transient analysis of circuit 
breakers, cables transformers, etc., and for locating armature and motor faults in 
machines. .Modern communication engineering, both wire and wireless, is entirely 
dependent on electronics. 


Other Applications 

A few typical and salient examples from some of the more important brandies of 
engineering have been given to illustrate the application of electric methods. There 
are, however, several others. Tn geophysical exploration, the* technique is ess«itially 
electronic in both the electrical and seismic methods. In the manufacture and testing 
of explosives and in military engineering work generally, electronics has wide applications. 
For furnace temperature control and, generally, for all automatic control apparatus,. 
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electronic apparatus is preferred to most others. All such existing and possible applica¬ 
tions can easily be visualised on the basis of the principles enunciated at the outset. 

When the electron was discovered in 1897, it was hailed as a great discovery in the 
realm of pure physics. The last fifty years have shown how true this statement was. 
That is not all. As has been explained in this note, the discovery has had a very 
important part to play in he field of applied science. The most gratifying part of all 
this is the fact that J. J. lived to see the greater part of the remarkable progress that 
pure and applied physics made as a result of his simple but epoch-making discovery! 

A lively discussion followed in which several members including Mr. Sen and 
Dr. Ramdas participated. Prof. Aiya replied to the points of the discussion and the 
meeting terminated. 

TREATMENT OF MENTAL DISEASES IN INDIA 
(Sections of Medical and Veterniary Sciences and Indian Psychiatry Institute). 

■ Dr. Nagendranath De^ Calcutta, presided. 

I. R. Brocki-esby Davis, Ranchi. 

(Psychiatry in General Practice:) 

Psychiatry is the Cinderella of Indian medicine. No medical man in India can deny 
the truth of this. While other branches of medicine have made progress which can 
compare with medical progress in the rest of the world, psychological medicine has 
been left far in the rear. Various estimates have been made of the amount of psychologi¬ 
cal suffering in this country. To make an accurate estimate is a very complicated and 
difficult business. Of course mental illness cannot be easily defined and measured in the 
same way that the extent of physical illness can be estimated. Any doctor can tell 
if a patient has fever, or dysentery, or cholera, or tuberculosis, but the majority of- 
sufferers from neurosis and the less obvious types of psychotics have to face a whole life 
of misery and ill-health as real as that of the physical sufferers, without sympathy, 
treatment or hope of cure because others cannot understand and appreciate the stale of 
affairs. 

But I think it would be true to say that the volume of mental ill health in India 
is as great as the volume of physical illness which the Surgeons, for in.stances, are called 
upon to deal. Every University in India has a department devoted entirely to surgery 
and a Professor whose sole business is surgical teaching and research. Moreover, every 
gdieral practitioner is trained in the procedures of minor surgery and is conri^etcnt, 
more qr less, to carry them out. 

la this Paper I shall try' to indicate ways in which a general practitioner can 
recognise psychological illness, the methods of treatment at his disposal and within hi's 
scope and how he. can relieve the psychological sufferings of his patients. 

In past years the light of Indian psychiatry has been hidden under the bushel of the 
isolated lunatic asylum, isolated in thought and space from the University, and confined 
within four walls. There must be a new spirit which shall bring psychiatry into the 
medical colleges, into the minds of the doctors, in their routine professional practice. 

One of the main principles of medical practice is that the patient must be examined 
completely. I am referring of course to scientific medical practice. I believe the 
Ayurvedic practitioners are able to arrive at a diagnosis and prescribe treatment merely by 
feeling the pulse aided by some strange process of institution. Not that I would dis¬ 
count either method in itself. The pulse indicates many things to the physician and 
intuition brings to him all the resources of his unconscious ‘knowledge. But a partial 
view of the patient is the cause of many disastrous mistakes in diagnosis. Patients have 
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had their abdomens opened in a vain search for an inflamed appendix When a painstakirig 
search of the stool would have revealed the Amoeba hiifeolytica, or an ordinary 
examination of the chest would have revealed pneumonia, or when attention to tile 
nervous system would have indicated the gastric crisis of tabies. Surely, a man’s mind 
is of as much importance to him as his stomach, or liver, or lungs, or intestines and yet 
how seldom does the Doctor pay attention to the mental state in addition to examining 
viscera. The consequences of this defect in clinical practice are far-reaching. In many 
patients the physical condition causes but trivial inconvenience by comparison with the 
neurotic ailment which goes unrecognised,'untreated and unrelieved. We can all think 
of unfortunately people who have been subjected to many forms of physical treatment, 
surgical, medical and gynaecological, with no benefit, who were really in need of 
psychological help. Confidence in the doctor and the medical profession as a whole is 
undermined. In the cure of all disease it is nature and the patient’s constitution which 
makes the cure. Man only helps and nature’s main weapon in fighting disease- is -a 
strong and healthy mind. By giving support to the mind of a sufferer from any disease 
the doctor can put into the hands of nature this bright and shining weapon of a strong 
and healthy mind. Again I refer to the indigenous system of medicines, this time in 
more flattering terms—the Kaviraj of India and the Christian science practitioner of 
the Western world do indeed sometimes produce most striking curative result, and in 
many cases this is because they strengtlien the mind of the patient against the disease 
by means of suggestion, and be it noted that suggestion is only one of the principles of 
psychiatric treatment.^ 

No Doctor can tliercfore afford to neglect the psychological make-up of each of his 
patients. This part of the clinical examination need not be a very lengthy business in 
most qases, but it is of the utmost importance to bear it always in mind. Obviously, 
there are many patients whose illnesses are mainly physical and who by their positive 
and hopeful attitude show that they require no sort of psychological help. Provided the 
doctor is unerring in his diagnosis, and there exists some form of effective treatment 
which he prescribes, these patients make a rapid and satisfactory recovery. But the 
doctor must always be alert to certain psychological manifestations whicli may indicate 
that the disease is either partly or wholly psychogenic in nature. 

By far the most important of these indications is Anxiety. The patient may 
express anxiety, cither in his demeanour or in words, which is out of proportion to that 
which would normally be produced by the physical illness from which he is suffering. 
Physical signs of anxiety may also be present, such as tachy-cardia, increassed perspira¬ 
tion, pallor, tremors of the hands and increased tender reflexes. 

The second indication is that of apathy. The patient’s whole attitude is one -of 
hopeless defeat. There is a lack of normal emotional expression. - This condition is 
far less common than anxiety. It may indicate a further Stage in the anxiety process 
in which case the patient has been afraid of something for so long that lie has lost all 
ability to resist or it may indicate some more deep-seated psychological disorder. 

The third indication I would describe as enjoyment of ill-health. The patient 
describes his symptoms with obvious gusto and in great detail and ensures that the 
Doctor misses nothing. Very often he has written all his symptoms down on a piece of 
paper. He defies the doctor to cure him or in fact to take away any of his symptoms 
which are his own and nobody elses. The symptoms are unique and he lays emphasis 
with an air of triumph on the fact that they prevent him taking part in this or that 
activity. Janet, the famous French psychiatrist, described this condition as "La Belle 
Indifference”. It is an indication, of the hysterial type of patient. 

The fourth indication of psychological illness is Insomnia. 

If any of these indications come to light in the ordinary routine examination of 
the patient then it is necessary to investigate the mental state in more detail. A complete 
life history should be obtained with particular reference to interpersonal relationships' 
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and the sexual life and by doing this it is usually possible to make a rough estimate of 
the basic intelligence oi^he patient, and the strength or weakness of liis personality. 
Full scale intelligence and personality tests are of course beyond the scope of the general 
practitioner. 

Having obtained all the information one must ask these questions:— 

(a) as regards quantity: to what extent is the mental factor rcsi)onsil)Ie for the 

symptoms compared with the physical factor? * 

(b) as regards quality: what is the type of psychological maladjustment? 

The answer to the first question is apparent from the physical signs of the disease 
and the indications of psychoneurotic symptomology. 

Illnesses should be classified according to the proportion of physical and psychological 
clement and fall into three categories:— 

(i) The disease is mainly physical but there is a superimposed neurotic element * 
of mental maladjustment. Purely physical treatment will not suffice to bring 
the patient to state of complete health and recovery may be greatly delayed 
if psychological help is not given concurrently with physical treatment. 

(it) The condition may be psychosomatic in nature. Many diseases and syndromes 
come under this heading. In them the physical and mental factors are 
approximately of equal imi)ortance and interact with each other in a 
complex interwoven pattern. Some of the commoner types of psychosomatic 
illnesses are Hypertension, Hyperthyroidism, Effort Syndrome, Impotence, 
Migraine, Cardiac Neurosis and Gastric Neurosis. It is essential that the* 
physician should always look on these conditions in the light o'f psychosomatic 
medicine. In fact, every general practitioner should be a specialist in 
' psychosomatic medicine. ^ 

(m) The illness may be essentially neurotic in nature. In neuroses (which is 
syponymous with psychoneuroses) although there may be physical symptoms 
yet the basis of the illness is- purely psychological. The common neuroses 
are Anxiety State, Hysteria and Neurasthenia. (I will refer to the question 
of psychoses later). 

The tyi>e of neurotic element which forms part or the whole of the patient’s illness 
can usually be classified into one of these three common neurotic reactions. 

I have indicated above what are the features of Anxiety State and Hysteria. In 
Neurasthenia, which is far less common than the above two, the presenting symptom is 
severe nervous exhaustion. Any sort of activity exhausts the patient unduly. In 
addidon, symptoms of anxiety may also be present and there is commonly severe sexual 
ms^ihty ranging from premature ejaculation to frequent spontaneous seminal emissions, 
both nc^turnal and diurnal, which are often brought on by any sort of stimulation of 
the genital regions such as may be produced by riding a horse or a bicycle or even merely 
sitting in a moving vehicle. Low backache is almost invariable. Headache is common 
and in females menstrual disorders are usually present. 

Insomnia is of course a common symptom of any type of neurosis. 

Although no general practitioner should be called upon to treat cases of psychoses 
except for giving ffiem “first aid” during the time before they can be brought under 
specialist psychiatric treatment, yet he must know the differential diagnosis between 
neurosis and psychosis. I cannot go into this question fully here but the main criterion 
IS whether contact with reality is maintained. Neurotics always maintain some sort 
of harmony with, and continue to react to their environment, whereas psychotics arc 
found to be reacting mainly to the inner processes of their own minds to the exclusion 
of the outside reality. Secondly, any evidence of hallucianations or delusions almost 
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certainly indicates the presence of psychosis rather than netrrosis. Thirdly,, marked 
alteration in the emotional state such as depression, elat^ and apathy, if not obviously 
produced by circumstances^ indicates a psychosis. Fourthly, in depression the type o£ 
insomnia may give an indication as to diagnosis. In depression associated with anxiety 
state the difhculty is often that of getting to sleep whereas in psychotic depression 
the patient wakes too early and cannot sleep again. 

I will here emphasise only one method of psycho-therapy but this is Undoubtedly 
by far the most important and effective metiiod for use by a general practitioner. I 
will call this ‘‘Dispersal of Fear”. Fear of one sort or another is tht ^sia of nearly 
every neurotic illness and if we can relieve fear then more than half the battle is won. 
According to the psycho-analytical school of Freud, fear has its origin in the early 
childhood in tlie fear of castration—of the tlireat of castration in the male .and of 
castration liaving already been performed in the female. However this may bc’, it is 
po,fisible for the ordinary doctor, without probing very deeply into tlie nntonscious part 
Me, to relieve fear in his patients. Tlie procedure is as follows:— 

First, after a thorough examination of the patient he is. told that he is not suffering 
from any serious physical illness or that sudi physical illness that lie lias can bc success¬ 
fully treated. I will give two examples of this kind of psychotherapy in general practice. 

The first case was a young man of 20 years. 1 was called to see him m his house 
because his mother thought he liad Influenza of which there was an epidemic at tlic time. 
He gave a vague history of two day’s fever. He liad mild pyrexia and he may well have 
been suffering from Influenza, but I noted he liad all the symptoms of acute anxiety 
and therefore I made a more complete physical examination than’ one generally has 
time for in busy general practice and discovered that the cause of the f^cf tos ati 
acute gonorrhoea which he had been too shy to mention. With the treatment of his 
g(Miorrhoea his health, both mental and physical, was completely restored. 

The second case was a woman, age 51, who complained of most distressing lower 
abdominal pain. On examination tliere were no obvious physical signs but again the 
S3miptoms of anxiety were present. Rather than dismissing her witli a bottle of medicine 
i spent some time in taking a complete life history and discovered that her mother died 
at the age oi 51 of carcinonoa of the colon. After some disoussion she admitted that 
her real trouble was fear of cancer. The treatment in this case was to have .her fully 
investigated for this condition, arrange for a periodic investigation, ^nd explain to her 
that this would ensure that if she ever did suffer from tins disease it could be treated 
early and most likely successfully. Her anxiety was relieved sufficiently for her to 
five a normal happy life again which had been impossible on account of her extreme 
anxiety, 

' In addition to rciicvrng fear the general practitioner can Often, by his knowledge of 

human nature, advise as to changes in his patient’s mode of living which will reduce 

psychological maladjustment. But to do this he must have some psychological and 

psychiatric knowledge and he must be prepared to spend a little extra time on the 

psychological investigation and treatment of those of his patients who need it: Such 

time spent will be amply repaid. There are of course those cases of neuroses wfiich do not 

respond to simple methods of psychotherapy or which are of a severe or of complicated 

nature which should be referred to the Specialist. 

• ^ 

One of the most difficult problems in psychiatry with which Ae general practitioner 
is called uxwn to deal is the psychotic who suddenly becomes acutely, nmiacal and 
arrangements cannot be made immediately to get him into hospital. The usc^ of any 
form of binding by ropes cannot be too strongly condemned. * I have seen in my practice 
two cases where ropes have been used in which obstruction of the cir^dation had- 
produced gangrene of a limb necessitating eventual amputation. the^ cases’ 

recovered their sanity but were minus a limb. By far the most useful measures arc 
iiitramuscular bjectiohs of Sdmnife^W Paral<fchyde by mcwrfli or. 
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v;r'' 

Sonuiifetie should be given in^doses of 2 c.c. and repeated not t«forc six hmuvs. Pamlde- 
hyde by mouth may be given "in dosage of 2 or 3 drams with an excipitmt, or 4 .dr^ 
ncr tectum wth Olive Oil. Paraldehyde should not be given intramuscularly as I have 
seen many cases of deep abscess produced in this way. Sufficient of thc.se sedatives slmld 
be given to produce the • excitement to manageable proportions but not to produce 
uncLciousness. If in spite of these drugs die patient is still urauauageablc the wrists 
and ankles may be tied with carefully padded bandages to the sidc>s and bottom of the 
bed. In cases where severe mental excitement is associated with physical toxaemia, Mor¬ 
phine is the best sedative but is contraindicated if the hearts- or lungs arc involved. Need¬ 
less to say, a case of acute mania ox other type of acute mental excitement i.s a.s mticli an 
emergency as an acute abdomen and should be admitted to hospital withiii 24 h(i)urs 
at least 


Cases of depression or melancholia occur ring in middleaged or old peoi>le* for* no 
apparent reason should always be treated with respect. The practitioner should- know 
three things about this condition:— ‘ 


(o) There is always a danger of suicide. 

(b) The ultimate prognosis is on the whole’ good. 

(c) Excellent results can usually be obtained by Electric- Shock Therapy. 


There is no bigger mistake than to think that General Paralysi.s docs not occur 
in India. This myth has grown up because Wassermami Reactions have not been 
generally performed in Indian mental hospitals. In any doubtful case of mental disorder 
the blood W.R. should invariably be performed, and if facilities exist, the C.S.F. should 
also be examined. ‘ ' 

In conclusion, hese are some of the ways in which the benefits of mpdern psychiatry 
can reach the suffering massess and they depend above all on the better psychiatric 
education of , the general practitioners. 


Dr. N. N. De, Calcutta. 

Most of you know, though you often forget, that Tabes and G.P.I. were diagnosed 
'long before the serological* reactions came in and in most cases they were,, diagnosed 
correctly. The diagnosis was made from definite signs and symptoms. Even today I 
would depend more, upon signs and-symptoms than on the serological findings. ‘ -If I 
diagnose a case as G.P.I. and then, the indent brings a negative blood W.R. report .1 
shall not revise my diagnosis. Blood W.R. is postiye only in 6 o- to 70% of cases of 
Tabes and G.P.I, Reactions of he cerebrospinal fluid , are more constant and should 
be respected 


Majcsi a. MuKherjee, Calcutta. 


Convulsion Therapy in.Fsychiairic Cases 

Convulsions arc produced in two ways 

1. Chemically. 

2. Electrically* 

Chemical Method consists in intravenous injection of a ten per. cent solution of 
Cardiaroi (Leptazol B.P.) which is usually given, two or three time's a week in* the 
mommg.in a fasting stomach. Usually convulsion is produced ^ith 5, c.c'. of the* 10% 
solution but sometime double the amount is required to produce a fit. • 

Description of fits—In about two to five seconds the' face of the patient flushes and 
•he coughs and then suddenb^ experiences choking sensation‘and unknowiV fear of death. 
Then he becomes unconscious and gets violent tonic spasm which later on breaks up 
mtp ^onk; >erks. 'which continue for about thirty second'^. At this time the respiration 
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completely sftops and the'patient becomes cyanosed. The patient at this time may lose 
control of sphinctres; corneal reflex is usually lost. 

After the cessation of convulsion different palierifs behave differently. Some sleep 
quietry-but others become restless, confused or violent. This excitement stage lasts only 
for'about ten to fifteen minutes after which the patient becomes normal. ' 

, (i) The patient instantaneously becomes unconscious, so does' not experience pain 
or fear of death and does not therefore resent treatment. 

(2) Psychomotor excitement arises,of less intensity than ‘that after Chemical 
Method. 

(3) Difficulties in intravenous medication does not arise. 

,(4) If no convulsion ensues, immediately the process can be repeated. 

COMPJ.ICATIONS • '. , ^ 

- I; Ligamenlal tears and dislocation of'the mandible, shoulder and hip joints 

• 2. Vertebral fractures ' 

3. Occasionally fracture of the long bones like the htimerus, clavicle, etc., *(often 
due to bad handling) 

' 4: ' Danger of flaring up of latent Tuberculosis infection 
5. Cerebral hoemorrage. ^ 

After this Major Mukherjee described the effects of c6nvulsion in a few casca in 
which convulsive shock therapy was used by him and how the patients behaved during the 
convulsion treatment and for sometime afterwards. 

Mr. Samiran Banerjee/C alcutta. • 

I propose to put before you certain facts and considerations of practical value 
with * the occupation treatment of psychiatric cases. I am to make it clear 
that’ Occupation Therapy is considered as essentially a psychological method of treatment 
of mental illness with thelielp of suitable occupation. 

By mental illness I mean menial troubles, either psychotic or psychoneurofic 
symptoms. No occupation can be considered as definitely suitable and of any therapeutic 
value unless it can produce a favourable reaction by which I mean the patient may 
feel a pride in hi^ work and a sense of responsibility in doing it. But the question is 
how to enlist the co-operation, of the patient who generally lives in a state of partial 
or complete intellectual isolation and iriaccessibility from social point of view. 

In taking up a case, therefore, what should concern the Occupation Therapist most, 

I think, is the question of establishing a friendly relation with the patient. And this 
is a tremendous task, perhaps the most important one. 

:As we approach patients it is noticed that many patients have got extraordinary 
fear and suspicion, which may or may not be so apparent. To approach a patient in 
a correct way the Occupation Therapist has got to disarm himself, so to say, his' 
expression and behaviour and that means a great deal. It is interesting to know, the 
attitude generally to be taken should be, in a sense, one of a child. Simplicity m 
expression and genuineness in behaviour must be made clear while taking into account 
peculiarities’ of the individual patient. No movement- should be m hurry nor with 
hesitation. ’One should behave with a patient particularly politely and in'a'way one 
would behave with a normal person 'and his xnanners should be pleasing, clear aM easy. ’ 
Vulgar'and social rhatters should not be discussed ahd there should be no threat^ing of 
punishment nor any false assuarance given. '* While paying all attention to a patient 
there should be no expression of -suspicion, about the patient• although there may be 
reasons for suspicion about the patient's suicidal or homicidal desires.. Attention is .to 
be .paid, .in a guarded manner, that the patiant may.mot be ?nuch conscious about,iti CW.. 
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must also know when to leave the patient as the patient te to be left itt a pleasent mood and 
mt in a condition o£ bored feeling. 

After having established a’ sort of friendly relation with the patient, through behaviour 
only, the next task is to listen to the patiait and to study the nature of the mental 
processes-without making , any contradiction. The purpose is to investigate unconscious 
and the unfulfilled wishes in their layers. 

Gradually is reached a moment and that is the critical moment for the Occupathm 
Therapist. Now what to do--can we follow and support the delusion when present m 
the patient and act accordingly? I think as we show a gesture of friendship with the 
patient, just to start, we are to co-operate with the patient as far as possible and to get 
into a relationship with him of "give and take.* The Occupation Therapist must be able 
to take the opportunity to help the patient also to show a gesture of friendship towards 
the Occupation Therapist, so that the patient may be able to love the Occupation 
Therapist. Aftei this transferance, quite in a large number of cases it has been seen to 
male patients and to females who are rather in their middle ages, the Occupation Therapist 
ts more closely identified with mother and to females generally the Occupation Therapist 
stands in the position of father. Occupation Therapist being loved, his or her work 
is also loved by the patient." 

Now an occupation is to be selected for the satisfaction of unconsdetus unfulfilled 
wishes in a symbolical manner in social way. The purpose of selection of symbol is 
to provide greater pleasure and the purpose of presenting a symbol as approved by 
society is to minimise the conflicts in the patients due to opposite wishes-. Having 
understood the patient one must know before selection of occupation how far the patient 
has .travelled back in his life, where he is fixed in his regressed state of mind—^where 
the patient is to be considered as a child. The next thing is to deside in which way 
the route will be the shortest and earliest to divert the aggressive feelings of the patient 
either from, the patient himself or from the system of delusion when present The 
patient is to be helped to direct his aggression in way in which it is to be absored in 
his occupation in a social manner. The cwiflict of opposite wishes distinctly takes ^lace 
between wishes of male and female character. So, a symbol is to be ^elected accordingly 
that the patient can focus die aggression on to it Just to set apart the two opposite 
forces—conflicting with each other>. 

I dare not give interpretation of occupation symbol to psychotic patients in .the 
usiml way. In my opinion infinite care must he taken to explain the symbol in occupation 
on suggestive line and it should never he direct in psychotic cases*. In psychotic cases 
^when phantasy is directly known from the interpretations there is a possibility of 
appearaixic of riew sympto.Tis as interpretations themselves become symptoms sewetimes. 

In OTmpletely demented cases, who are in catatomc condition, and in mental deficiency 
eases and where orientation is completely lost, occupation which can produce massive 
painful ^aisatkais all over the body, sometimes shows remarkable reaihs. Even in 
these cases from the very beginning the attitude to be taken must be quite clear to the 
patient, a friendly attitude, I mean. That indeed helps the patient tp maintain the 
improvement after he has experienced painful sensations^ 

^ I may deal now with the question of prescription of an occupation. Tri pres^itbing 
an occupation for each patient some points are to be noted. 

(A) Th^e. may be two types of patients—(i) Restless type df patienfs-^diey 
include Paranoid,, paraphrenia .M. D. P. cases (2) Quiet type of patients—they include 
schkophrenic or • dementia praecox and some patients with psychoneurotic ^mptoms. 
Restless patients as well aa quitt tyj?c of patients may be dther intellectual, cultured 
type OF just the opposite type. I exclude the criminal type. 

(B) Those who want isolation are to be taken in group slowly with coxing jsoid 
(tirecnoi?s in a .suggestive way and those who prefer to work in group only are also 
to bs given some work in complete isokition from others. Heavy exercises nursing 
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work according to the physical 6tness of the patient generally do imense good. Reward 
for work is not found so essential, but correct appreciation is essentially- necessary te 
develop a social sense and an attitude* No game or occupation can be said to be exclusively 
for males or females^ Any game or work of any nature can be suitable and of therapeutic 
value either for a male or female patient, almost of any age. For example, playing 
with dolls may be prescribed for an old gentlonan, writing alphabates may be prescribed 
for a retired magistrate, lying in the cradle of an infant boy for a while for an old 
lady, supervision work of a centre of occupation for a boy of fifteen and so on. 
And these are to be done in a suggestive way. Prescription of an occupation is always 
subject to the. physical and mental condition of the patient at the moment he goes to 
work or play. Very particular care must be taken about siucidal, homicidal and 
epileptic patients. 

Change of occupation is to be made after a careful study of the unconscious seif of 
the patient Gradual withdrawal of supervision, and delegation of power and responsibility 
to patients in each oc<^upatian centre help the patients tremendously if it can be done 
m a proper way. 

Patients arc to be led talk and they arc to be listened to slowly to direct thwij 
occassionaly to talk about some particular matter. A particular room or place may be 
used for holding class and whether a patient can follow the class work or hot it does 
not matter but it helps a patient a great deal to develop an attitude to follow the 
direction of the teacher without much coaxing. In making a patient work the Occupa¬ 
tion Therapsit will apply no force at all and avoid coaxing as much as possible. He 
will help, patients to imitate in a suggestive way, spemtaniety being the important thing. 

I may now deal with the qiuestkm of keeping Daily Register for Occupation 
Therapy* 

In the Register, after a roll call, patients arc to be marked present or absent. Under 
the column of occupation mention is to be made in how many occupations, under which 
group A or B and for what period of time the patient keeps occupied. At least one- 
fortnightly, some points are to be noted in the Remark Column, (i) Does the patient 
need coaxing and directions in daily routine work? (2) Is the patient developing a 
sense of discipline? (3) How far the patient has been able to re-establish his relation¬ 
ship correctly witli the external world? (4) Has he been more social in his attitude? 

(5) Can he take inititative in any work in a proper way? (6) Any other remark. 

Regarding the type of occupation to be prescribed, generally the following items 

have been fotmd to be quite useful and any item may be taken either from group A or B, 
according to mental and ph^^ical condition of the patient.* Occupation under group A 
is more of a diversional nature, generally more suitable in the morning and afternoon 
and group B g^erally may be taken during noon* 

Group A. 

(i) Conversation <2) Long way (3) Playing Badminton {4) Football (5) Cricket 

(6) Hockey (7) Some Indian Gstmes #4?., Ha-Du-Du (8) Chess (9) Carrom (lo) Card 
(11) Snakes and Ladder (12) Ping-Pong (13) Picnic (14) Dancing and Singing 

(15) Learning and showing Magic (16) Solving Puzzles (ty) Swinging in the 
Cradle of an Infant (18) Heavy physical ^cretse. 

Group R. 

<i) Coloured threstd ball makif^ fa) Thread work in frames in a simple and 
complicated process (3) Clay modeUing (4) Rope making {5) Reading and writing 
with and without directions (6) Nursing with and without direction (7) Tailoring 
(8) Leather work (9) Toy-making (10) Bag making (ii) Mattress Making (12) Spin¬ 
ning whell (t3) Handloom work (14) Thread work and carpentry (5) Embroidery work 

(16) Muffler making on a frame (17) Sv^ryisicwi of some work and doing the same 
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work trader supervision'(i8) Painting (i5)) Cooking (ao)'Boiling water (at) Frying m 
sufficient oil (22) .Washing clothes (23) Gardening (24) To do some work in given time 
and space. ■ ■ ' 

I proceed how to get into the details of the treatment with' reference to treatment 
of some cases. 

Case No, i. . ^ ^ . 

. A patient, a man of 42, a highly qualified*person^sneering tor 9 years, spending most, 
of his time in his bed. Complaints, were :• The British Government' planned to destroy 
his brain, with faeces with the. help of a great-machanised ar.rhy, Mr.. Churchill with his 
gang organised and engaged dogs to wag their tails before his left eye,, f.orced him 
occassions^lly to see naked women dancing before him. ,He composed a song and used to 
sing the song in disgust; 

^'Doggy, my doggy, faeces and wcmien 
Come what may, I am not insane, 

I believe, God, I worship Sun.’* 

.. Occasionally, he refused food and he had,to be fed forcibly, .refused to go.out 
of his room, always: shouting and abusing his enemies. 

I listened to him; ! did not give my opinion about his delusions. I enquired. ■ 
gradually, how long he was being so tortured. He then started telling me all about his 
early life of struggle. I understood I had won his friendship but only to a certain extent 
and’^-he just , started believing me. I also understood I was given the position of his 
mother through associations in course of my talk with him. But he had great doubt jf 
his mother really loved him., After a guarded and * careful investigation, I. came to 
know he fancied he was victim of malnutrition due* to want,of miilk, as, * frequently his 
father woifid call away his mother while.she would be busy giving milk to, the baby. 

Now I decided my line of treatment; ^ I started feeding him with milk preparations. 
and assured him there was no want of good milk and milk preparations. Gradually 
he took from me some food and while taking I. asked him to help me in very small 
matters like giving me a pen from the table, a glass .of water to drink and to help 
other patients to take their food, .1 do not think those w.orks were, of much therapeutic 
value. The most significant matter was that I could be his friend in various sort of 
works, I could lake him out into the field and he found some work to be (lone there 
as well. There on a board I had already written—“grow more food and help those 
who are . in nwd of it”, on. another board, “be not shy to show ydqr in dignity 

of labour”. . 

These slogans made with special purpose to create interest in social work caught' 
his mind and worked splendidly. He started working on the field. Evidently he was 
enjoying the work. Frequently, I asked him what more useful work could be done, He 
gave suggestions first and theft he started working in the garden j^imsrif. 

At pres’ent he is working all right—doing his'daily duties; looking after himself “and 
his children, managing everything at home independently but’-he still wdtks“in the 
field, regularly, although his delusions have not disapp^red as yet. ' ' 

Case No. II. . * • 

This is a case of 'a boy of 15. He"cdmplaifts, -'he ‘was king of Mars aiid hfe was a 
very good man there. “Satan punishes only good people’—he said^ ’So, he sent- dfcfc' 
good king to hell. He has been living in the hell for millions of -years? He wantfe 
to go back to Mars again. He does not •take'any food; says,’*^1 want to die, otherwise’ 
I cannot go to Mars and be the king*thei'e-again‘-^if B fice any^food^'God will get angtey- 
and I shall not be allowed to go to Mars-atid^ king there” • ‘ 
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Coaxing and all- attempts to feed'him 'failed/* Later’ an attempt to' feed him 
artificially Also failed aiid he * was getting'gradnallj;- worse in every wAy, > 1 cohtinncd 
to coax him to talk, sympathetically discussing all about his delusions and slowly he 
started obliging me in very, simple things such as putting the key on the table, helping 
me to push the table to the corner aiid so on. One day he told me, “You are a good 
man, so you are also in' hell.*'' I .simply smiled but I" gave no opinion. I started to 
take my food in his rooni and asked him to give me some sauce which he liked very 
much. I did not ask him to take any food but told him casually that there was no fear 
to take the food. One night he suddenly screamed and came running to my room, and 
knocking at my door shouted, “Mother, mother*'. When I opened the door lie saw me 
but he continued to address me as mother: Tasked him,' “Who I am? “He replied, 
*‘Tou are my mother.*’- * I gave Itini a sharp jerk and I asked him again,” “Who anfl?” 
He again replied, “You are my mother.** I* asked him if he had any dream. He said 
he had none. 

. In course of. time he agreed to co.-operate, asked me to brush his teeth, to sponge him 
and help him to put on his clothes and I didf all these without any resistance from 
Ipm.. He became quite attached to me being more and more obedient and started doing 
his work himself. • Rapidly he improved, taking interests in surroundings, I took him 
to the. spinning wheel and I spun. He started learning it without being asked to do so. 
I look him to th.e play ground and .1 played, yrith another patient but soon he wanted to 
play as my partner. He became quite anxious to oblige me, willing to help me in .my 
work. I gave him small but responsible work and he soon started behaving like a 
normal person. 

Case No. III. 

A girl of 17, unmarried. She used to keep her eyes shut, refused -ifoOd, not 
jCommunic?ctive at all.- After some treatment little improvement could be notified for a 
day or two from time-to-time. - 

I knew her earlj? history from investigation from her family members and I started 
talking about hide' and seek game in which she had great joy—then all about dark 
nights and evenings, dark things and death and life. She explained after a month’s 
effort, it was possible for her to take food in the evening at night after the light is 
•put off. She asked me* to keep si?mfe food in a closed room under lock and key and to 
•leave the-key on the floor of her rdom so that she might grope in the dark f^r the 
key-: and as she would get the key she would open the door, steal the food and eat it, I 
arranged as she desired. Slowly she started co-operating with me* taking her ;food 
regularly along with other people and she was taken out for long walk early in the 
morning and she had to face thC’stifi while returning.- She developed some-interest in 
children. I selected an occupation-of making dolls and she took ’ interest in it; Next 
occupation was to read do lesson to me, I gave her a slate and a pencil and I asked 
her to do whatever she liked. She was a student in the intermediate class before she 
was ill. She used to write^ alphabets of .her own accord. She used to come to me 
re^Iarly. to do her lessons, and suggested some home task for herself. After some¬ 
time I gave her promotion to a higher class and in a few montlis she becanie a 
‘ college student again. But still she would, occassionally write alphabets. I found put a 
small boy and she was to teach the boy.* During this time of study,' frequently I used 
to give her logenzes and chocolates which she liked very much as a child.' She was 
-still behaving lik^e ’a child. During- my talk with her T wanted to know what was her 
idea about boys-and she said, ’“F hate the boys most.'*' But she gave no- reasons- for 
'Hating boys. I selected a new occupation for her.' I taught her to play chess. But she 
‘ "could'hot attack me in the game; tlieii I proposed, “We better change oiir-positions— 
you come to rhine and let me 'go to* yours." I encouraged her to play aggressive game 
"and discouraged all deffensivc: attempts both • in indoor and outdoor- game and*' she 
■ • started behfeLvin'g-more" as An adult; ^ - 
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Lastly Mr. Banerjec exhibited a few charts and demonstrated how to keep records 
of- the progress of a case under occupation therapy either in a hospital or at home. - 

Dr. N. N* Calcutta. 

At the request of the audience, Dr. N, N. De, the President gave a^hort description 
of the Insulin Shock Treatment. The treatment is done daily (6 days in the week). 
30—60 injections complete a course. Ordinary soluble insulin is used and tlic injections 
arc given early in the morning In an empty stomach. The injections may be given either 
hypodermically, intramuscularly or intravenously. In a particular patient one route 
should be used daily. Of the 3 routes the hypodermic is thte most effective for cure but 
it takes longer time every day. The required dose varies in different cases. It is always 
desirable to begin with a small dose, say 15 to ao unia, and to increase the dose gradually 
till the desired amount of coma is produced. 

The patient at first experiences a feeling of weakness and drowsiness with a sensation 
of hunger. Then sweating appears on the whole body and persists for sometime. 
Towards the latter part of the treatment the sweating disapi)ears and the body becomes 
dry. Twitches, tremours or convulsions may appear or the patient may become violent. 
Finally the coma comes on and gradually deepens. When he corneal and conjunctiral 
reflexes arc lost and tlie Babinski’s reflex becomes positive the relief should be given. 

The physician must be in constant attendance by the side of the patient. The coma 
may come on in course of iFi hours after an intravenous injection and 3 hours after a 
hypodermic one. 

Dr. a. K. Bose, Calcutta. 

At what blood sugar level does a patient get coma? 

Dr. N. D. De, Calcutta. 

As there is no constant threshold level of blood sugar "at which all dia¬ 
betics will pass sugar in urine, one may pass sugar in urine at the blood sugar level of 
120 mg. per 100 c.c. while another may not pass any at 240, so there is no constant lev^l 
of blood sugar in which all hypoglycoemics will become comatose, one may fall into coma 
at 60 while another may not get it even at 30. 

Col. P. N. Bardhan, Bangalore. 

When wc give a definite does of insulin we know what is going to happen and we 
should make it a rule to terminate tlic treatment in all. cases by intravenous glucose and 
not try the oral route or the nasal feeding because these in case of semicomatosc patients 
have the danger of passing into the lungs. 

Dr. R. B. Davis, Ranchi. 

But if we try the intravenous route every *day the vein will soon 
fibrosed and intravenous injection will be impossible. 

Dr. N. N. De. 

The result of insulin injection cannot be predicted with so much certainty 
as Dr, Bardhan asserts. In a patient of mine who on one occasion had coma with 90 units 
was found to have no coma with i8o units on another occasion. It was found on investi¬ 
gation that though injections were given every day on empty stomach the difference Jay on 
the amount of food (specially carbohydrates) taken in the previous night 

Dr. De, tlien described another form of'treatment, which is not practised by many 
psychiatrists but he thought this method should have a definite place in the treatment 
of schizophrenia and some other mental disorders. He also mentioned that of late various 
combinations of <hfferent methods of treatment arc being used. He then summarised the 
merits and demerits of the diflerent methods of treatment by saying that other conditions 
being ^ual there is not much difference in the chance of cure by the different methods 
taken individually, it being highest with insulin shoclc^ less convulsive :,shpck and 
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still less with histamine-cum'insulins. Results are most dramatic with convulsive, less 
wi^h histamine-cum-insulin and least with insulin shock, chances and relapse are most with 
convulsive shock, less with insulin shock and least with histamine-cum-insulin. When 
a relapse occurs the interval between remission and relapce is the leak with convulsive 
shock, longer with insulin shock and longest with histamine-cum-jnsulin. Various 
combinations of the. different forms of therapy are being tried in different diseases and 
on different patients with the same disease and are claimed to improve results to a 
variable degree. 

Being questioned how the various shock treatments act in different mental diseases 
Dr. Dc said that there are several speculative theories about their action but w 
of them are finally accepted. They are done empirically. 

“QUALITY CONTROL IN INDUSTRIAL OUTPUT” 

, \ 

(Seciions of Statistics and Engineering) 

Sri N. Sen, Tatanagar, presided. 

Dr. Shewhart, America, opened the discussion. 

Dr. Shewhart exiilained in broad outline the meaning of “Quality Control 
in Industrial Output”, He then spoke about the statistical technique which had to be 
used in dealing with the above problems. He observed that a proper sampling procedure 
and design should be adopted before starting any large scale manufacture of goods. He 
then stressed the point that by applying statistical technique to problems on quality 
control in industrial output significant results had been obtained in America and also in 
otlier countries, and he concluded by saying that it is high time that a “Quality Control 
Movement” was started in India. 

Dr. a. V. SuKHATME, New Delhi. 

Dr. Sukhatme said that the application of statistical method to industry, concerning 
its technical aspect, has mainly centered round control chart methods. The subject owes 
its development to Dr. Shewhart, and it received increased attention during the war, its 
value in plant efficiency being fully recognised. He then proceeded to outline the work 
in this regard which had been actually done in the Tata Iron and Steel Works. He 
concluded with the observation that the statistical work done in Tata has been mainly 
one of establishing standards of performance and if there is variability due to assignable 
causes investigation has been carried out by statistical methods to find these causes 
from an analysis of routine data. 

Mrs. C. Bose, Calcutta. 

Mrs. Bose remarked that Quality Control technique developed by Dr. Shewfiart 
in the twenties is nothing but the maintenance of standards in large scale 
production. It is not possible to achieve complete sameness of manufactured products 
in spite of (i) the maintenance, at a fairly constant level of tjuality of raw material, 
(2) the thoroughness of the machines, (3) the technical skill of the operators and (4) the 
great care with which the management may execute their work.’ The science- of 
statistics will give us the limits within which this variation in quality and form of 
products takes place. 

She then narrated the development of Quality Control in Industrial Output in 
America, India and also in Great Britain and emphasised the qeed iot more attention m 
this direction in India. 

5 
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Dr. N. S. R. Sastrv. 

Dr. Sastry discussed in brief the (x) underlying principles of Quality Contpl 
icchnique ami (2) limitations of the above technique. 

G. IK Math UR, Alm^dabad. 

Ga D. Matlmr dwelt on the practical difficulties whidi he had experienced wliile 
working in Calico Mills, Ahmedabad. 

M. D. Kapila. 

M. D, Kapila said that the ^'problem of Quality Control” is a. complex one wliich 
could only be tackled by the metallurgist, statistician, inspector and opera^l!’ 
working in close co-operation. This problem was one that was being actively 
talked and it would not be long before steel quality could be confined within the 
tiarrowest limits. Several other speakers participated in the discussion and they all 
stressed that Quality Control technique should be properly developed so that it could 
•be extensively and fruitfully employed in Indian industries. 

”THE FORECAST OF CROP YIELDS FROM A STUDY OF WEATPIER 

CONDITIONS” 

(Section's of Statistics and Agriculture) 

Sri Kalidas Sawney, Hyderabad, presided. 

Dr. L, a. Ramdas, opened the discussion. 

Dr, Ramdas briefly narrated the general possibilities of the development of 
the subject. He said “Weatlier factors are primarily responsible for the proper 
growth .and development of a plant and hence they have. a greater influ¬ 
ence on the crop than manures, variety of seeds, etc. In order to study the subject 
tlioroughly, meteorologi.cal department has started a ”Crop Weather Scheme”. Under 
tills scheme there will be a large number of mateoi'ological stations where meteorological 
data will be collected”, lie concluded by saying that the problem was very important 
and'^ould engage the attention of a committee of experts. 

K. Kishen. 

K. Kishen who followed next said tliat the forecast of crop yield may be done at 
two stages (i) Preharvest (2) Harvest. For this purpose weather factors alone will 
not be sufficient, we should study the crop characteristics also along with the meteoro¬ 
logical factors. 

Prof, P. C. Mahalanobis, Calcutta. 

Prof. Malialanobis said tliat wc would go a step forward by predicting the weather 
in advance from a study of weather reports and then we could utilise this knowledge 
for forecasting the yield of crop. 

Prof. Chinnoy, New Delhi. 

Prof. Chinnoy stressed that forecast of. crop yield should be based essentially 
on correlation between environmental factors and growth responses of a crop plant. In 
support of this he gave a brief account of experiments which he had carried out at 
.file Indian Agricultural Research Institute New Delhi, during 1941-47. 

Several other speakers also participated in ^e discussion. 

The Oviirman, wound up the discussion by summarising the speeches of previous 
speakers. He laid special stress on the point that in order to build a'good fore¬ 
sting formula, crop cbs.racter|?tic§ should be considered along with the weather 
factors. 
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